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(54) Semiconductor display device and driving circuit therefor 



(57) A semiconductor display device with low power 
consumption, low electromagnetic noise, and low 
unwanted radiation is provided. In a peripheral driving 
circijit, a clock signal with a voltage level increased by a 
level shifter circuit is input to a shift register circuit. Then 



a timing signal from the shift register circuit is input to a 
level shifter circuit, and the voltage level is thus raised in 
two stages. Therefore low power 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates to a semicon- 
ductor display device. More specifically, it relates to a 
semiconductor display device which performs image 
display by driving pixel TFTs arranged in a matrix stale, 
and to a semiconductor display device driving circuit. In 
addition, it relates to electronic equipment using such 
serniconductor display devices. 

2. Description of the Related Art 

[0002] Recently there has been rapid development 
in techniques of manufacturing semiconductor display 
devices, for example a thin film transistor (TFT), formed 
from semiconductor thin films on an inexpensive glass 
substrate. The reason for this is because the demand 
for active matrix type liquid crystal display devices has 
risen. 

[0003] A TFT is placed in each of the several hun- 
dreds of thousands to several millions of pixel regions 
arranged in a matrix state on an active matrix type liquid 
crystal display device. The electric charge entering and 
exiting every pixel electrode is controlled by the switch- 
ing function of the TFT arranged in the pixel regions. 
[0004] The structure of a conventional active matrix 
type liquid crystal display device is shown in Fig. 18. A 
source signal line side driving circuit 1801 and a gate 
signal line side driving circuit 1802 are. normally, gener- 
ically referred to as driving circuits. In recent years the 
driving circuit has been formed in unity with the pixel 
region, which is comprised of the pixel region, on the 
same substrate. 

[0005] Further, source signal lines 1803 connected 
to the source signal line side driving circuit 1801, and 
gate signal lines 1804 connected to the gate signal line 
side driving circuit 1 802, intersect in a pixel, region 1 808. 
Pixel thin film transistors (pixel TFTs) 1805, liquid crys- 
tal cells 1806. which sandwich liquid crystals between a 
pixel electrode and an opposing electrode, and storage 
capacitors 1807 are formed in the regions sunounded 
by the source signal lines 1803 and the gate signal lines 
1804. 

[0006] '. An image signal input to the source signal 
lines 1803 is selected by the pixel TFTs 1805 and writ- 
ten to a predetermined pixel electrode. 
[0007] Sampling is performed on the image signal 
in accordance vwth a timing signal output from the 
source signal line side driving circuit 1801. and the 
image signal is supplied to the source signal lines 1803. 
[0008] The pixel TFTs 1805 operate in accordance 
with a selection signal input trom the gate signal line 
side driving circuit 1802. via the gate signal lines 1804. 



[Prior Art A] 

[0009] A block diagram of an example of the con- 
ventional source signal line side driving circuit 1801 is 

5 shown in Fig. 19A. 

[0010] An input signal input from external to the 
source signal line side driving circuit, a clod^ signal CLK 
(for exanrple. 3 V), in this case, is input to the source 
signal line side driving circuit. The voltage amplitude 

10 level of the input clock signal is raised by a level shifter 
circuit (for exanrtple, from 3 to 16 V). 
[0011] In the present specification the voltage 
amplitude level refers to the absolute value of the differ- 
ence between the highest electric potential and the low- 

15 est electric potential of a signal. If the voltage amplitude 
level becomes higher (goes up), this means that the 
electric potential difference has become larger, and if 
the voltage amplitude level becomes lower, this means 
that the electric potential difference has become 

20 smaller. 

[0012] Then the increased voltage amplitude level 
dock signal is input to the shift register circuit. The shift 
register circuit operates in accordance with the input 
dock signal, and a start pulse signal input at the same 

25 time to the shift register circuit, and creates a tuning sig- 
nal in order to sample the image signal. The timing sig- 
nal is input to a sampling drcuit, and the sampling circuit 
performs sampling of the image signal based on the 
input timing signal. 

30 [001 3] Fig. 21 shows an example of the specific cir- 
cuit structure of Fig. 1 9 A. A level shifter circuit 1 1 , a shift 
register circuit 12. a sampling circuit 13. and an image 
signal line 14 are arranged as shown in the diagram. 
[0014] A dock signal CLK and an inverted clock sig- 

35 nal CLKb are input to the level sNfter circuit 11. and a 
start pulse signal SP and a drive direction switching sig- 
nal SUH are input to the shift register circuit 12 from the 
wirings shown in the drawing. 

[0015] The dock signal CLK (for example, 3 V) is 
40 input to the level shifter drcuit 1 1 from external to the 
source signal line side driving circuit It is necessary for 
the voltage amplitude level of the clock signal to be of a 
voltage amplitude level at which the level shifter circuit 
1 1 can operate. 
45 [001 6] Further, unwanted radiation due to the clock 
signal is a problem of the set. Unwanted radiation is 
caused by generation of high frequency components of 
digital circuits which use rectangular wave trains start- 
ing up very sharply. Unwanted radiation becomes larger 
50 as the signal frequency gets higher, but it can be sup- 
r /pressed to a certain extent by reducing the voltage 
1/ anrplitude level of the signal. 

[0017] It is necessary to suppress the unwanted 
radiation to within the range conforming to the standard 
55 established by CISPR (the International Special Com- 
mittee on Radio Interference). Furthermore, in addition 
to CISPR. it is necessary that the range conform to the 
standards established by other foreign and domestic 
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organizations such as the United States FCC (Federal 
Communications Commission), VCCI (Voluntary Con- 
trol Council for Interference by data processing equip- 
ment and electronic office machines), and the German 
VDE (Verband Deutscher Elektrotechniker e.v). For 
example, the standard established by the FCCI states 
that, for industrial equipment, the permitted value of 
unwanted radiation is 1000 nV when the frequency is 
from 0.45 to 1.6 MHz, and is 3000 when the fre- 
quency is from 1.6 to 30 MHz. It is necessary to reduce 
the voltage amplitude level of the clock signal input from 
external to the source signal line side driving circuit to a 
level in which the unwanted radiation will conform to the 
standards established by the CISPR and other foreign 
and domestic standards and cause no trouble. 
[001 8] The voltage amplitude level of the clock sig- 
nal input to the level shifter circuit increases. An equiva- 
lent circuit diagram of the level shifter circuit 1 1 is shown 
in Fig. 20. The reference Vin denotes an input signal, 
and Vinb denotes an input of an inverted Vin. In addi- 
tion. Vddh denotes the application of a positive voltage, 
and Vss denotes the application of a negative voltage. 
The level shifter circuit 1 1 is designed so that the signal 
input from Vin, made into a high voltage signal, and 
inverted, is then output from Voutb. In short, if Hi is input 
to Vin, then a signal corresponding to Vss is output from 
Voutb. and if Lo is input to Vin, then a signal correspond- 
ing to Vddh is output from Vout. 

[00191 The vortage amplitude level of the clock sig- 
nal is increased, by a level shifter like that shown in Fig. 
20. to a voltage amplitude level that includes a certain 
fixed margin voltage in addition to a voltage amplitude 
level at which the liquid crystal is driven to a saturation 
state (liquid crystal saturation voltage). Further, satura- 
tion voltage indicates the liquid crystal saturation volt- 
age in the present specification. A liquid crystal being 
driven into a saturation state indicates a state (satura- 
tion state) in which a change in the etectrooptical char- 
acteristics following change in the liquid crystal 
arrangement will not accompany a further increase of 
the applied voltage. 

[0020] The timing signal is a signal used in order to 
sample the image signal input to the sampling circuit. 
The voltage of the timing signal input to the sampling 
circuit is then applied to a gate electrode of a TFT which 
structures the analog switch of the sampling circuit. This 
forms a channel in the TFT which structures the analog 
switch, and a current flows from the source to the drain. 
Thus the image signal is sampled, and this is supplied 
to the source of the pixel TFT through the source signal 
line. 

[0021] For example, for the case of a 5 V drive TN 
(twisted nematic) liquid crystal. 5 V is the saturation volt- 
age. An alternating current drives the liquid crystal, the 
result being that -5 V to +5 V, namely a 10 V voltage 
amplitude level, is applied to the liquid crystal. When the 
liquid crystal is driven in the saturation state, it is neces- 
sary to sample a 10 V image signal (in this case the 



innage signal and the saturation voltage are equal) and 
supply that to the source of the pixel TFT. 
[0022] In order to sample this image signal, it is 
necessary to apply a timing signal, with a voltage arrtpli- 

5 tude level that includes a certain fixed margin voltage 
(for example, ± 3 V) in addition to the saturation voltage, 
to the gate of the TFT that structures the analog switch. 
In short, to sample an image signal voltage of -5 to +5 V, 
namely a 10 V voltage anrplitude level image signal, it is 

10 necessary that the voltage amplitude level of tine timing 
signal have the absolute value of -8 to 8 V, in other 
words a voltage amplitude level of 16 V. 
[0023] The margin voltage is a voltage in order to 
reliably supply a saturation voltage image signal to the 

75 pixel TFT source. There is a problem in that the n-chan- 
nel-type TFT which constitutes the analog switch does 
not operate with a ±5 V voltage annplitude level image 
signal and sampling does not occur, when sampling is 
attempted using a timing signal with the same ±5 V volt- 

20 age amplitude level, which does not include a margin. 
This is because the voltage amplitude level (5 V) of the 
image signal applied to the source of the n-channel TFT 
that constitutes the analog switch, and the voltage 
amplitude level (5 V) of the timing signal applied to the 

25 gate electrode, have a voltage amplitude level differ- 
ence of 0 V, and the n-channel type TFT does not oper- 
ate. Further, a p-channel type TFT does not operate for 
the same reason. Due to this, it is necessary to have the 
timing signal include a margin voltage in order to drive 

30 the liquid crystal to the saturation state. It is necessary 
that the size of tine margin voltage be large enough to 
sample the saturation voltage image signal in accord- 
ance with the timing signal, and to reliably supply tiie 
source signal line with the signal. 

35 [0024] Additionally, in recent years the development 
of large screen, high definition liquid crystal display 
devices has been advancing. When considering display 
at the same frame rate, the more the number of pixels in 
a liquid crystal display device increases, the higher the 

40 speed at which it is necessary to operate the shift regis- 
ter circuit. There is a demand for a higher frequency 
drive of the shift register. 

[0025] The operating speed of tine shift register cir- 
cuit is proportional to the mobility of the shift register cir- 

45 cuit TFT. and to the voltage amplitude level of the clock 
signal applied to the source, and is inversely propor- 
tional to the square of the channel length. The reason 
that the operating speed of the shift register circuit is 
inversely proportional to the square of the channel 

50 length is that if the TFT channel length is short, the 
resistance becomes small, and the gate capacitance 
becomes small. 

[0026] In order to operate the shift register circuit at 
higher speed, it is necessary to either make the shift 
55 register circuit power supply voltage large, or to shorten 
the channel length, because there is a limit to the extent 
of the TFT mobility. 

[0027] However, if power supply voltage for the shift 



3 



5 



EP 1 020 839 A2 



6 



register circuit is made higher, and the channel length Is 
made shorter, the TFT is easily damaged by punch 
through and hot electrons caused by the short channel 
effect. Therefore it is necessary to lower the shift regis- 
ter circuit power supply voltage to a level that does not 
cause damage to the TFT 

[0028] In addition, if the voltage amplitude level of 
the clock signal applied to the source is reduced to a 
level that will not damage the TFT due to punch through 
or hot electrons caused by a short channel effect of the 
shift register circuit TFT. and if the TFT channel length is 

*rrade shorter, then the TFT can not be manufactured 
due to limits in the design of TFTs with short channels. 

^ For that reason, the shift resister circuit can not operate 
at a speed higher than a certain speed. Therefore, in 
order to operate the shift register circuit at higher speed, 
it is necessary to increase the channel length to a range 
in which it can be made, and to increase the dock signal 
voltage amplitude level applied to the source to a level 
at which the TFT. with a channel length which can be 
manufactured, will operate. 

[0029] In short, in order to operate the shift register 
drcuit at higher speed, it is necessary to reduce the shift 
register circuit power supply voltage to a level at which 
the shift register circuit TFT is not damaged due to 
punch through or hot electrons by short channel effect, 
and it is necessary to increase the shift register drcuit 
power supply voltage to a level at which the manufactur- 
able channel length TFT will operate. 
[0030] In the conventional drcuit structure of Rg. 
21 . the dock signals (CLK. CLKb) input to the shift reg- 
ister circuit TFT become the same voltage amplitude 
level as the timing signal input to the sampling circuit 
because there is no level shufter circuit in between the 
shift register circuit and the sanpling drcuit. In other 
words, the voltage amplitude level of the clock signals 
input to the shift register circuit cannot be reduced to a 
level at which damage due to punch through or hot elec- 
trons due to the short channel effect will not occur in the 
TFT that constitutes the shift regster circuit. Therefore 
the shift register circuit TFT is easily damaged. 
[0031] There is a solution path for the atxjve prob- 
lems by using a liquid crystal display device structured 
with a LCD material that can be driven with a relatively 
low voltage, smaller than 3 V. However, the reliability is 
low because the liquid crystal used has a voltage hold- 
ing rate that is low. current leaks due to the voltage 
applied to the liquid crystals, and the liquid crystals eas- 
ily deteriorate. LCD materials that can be driven with a 
voftage greater than 3 V have a relatively high voltage 
holding rate of over 95%, and the reliability of a liquid 
crystal display device that uses an LCD material driven 
with a voltage greater than 3 V is high. 

[Prior Art B] 

[0032] A block diagram of another example of the 
conventional source signal line side driving circuit 1801 



is shown in Fig. 19B. 

[0033] A dodi signal CLK (for example. 10 V) input 
from external to tiie source signal line side driving drcuit 
is directly input to the shift register circuit Then the shift 

5 register circuit operates in accordance with the input 
dock signal and a start pulse signal input at the same 
time to the shift register circuit, and a timing signal is 
created in order to sample the image. 
[0034] The created timing signal is input to the level 

10 shifter circuit, and the voltage amplitude level is 
increased. The timing signal with an Increased voltage 
amplitude level is input to the sanpling circuit, and the 
sampling drcuit performs sanpling of the image signal 
based on the input timing signal. 

15 [0035] Rg. 22 shows an example of the specific dr- 
cuit structure of Rg. 19B. A shift register circuit 21. a 
level shifter circuit 22, a sampling circuit 23, and an 
image signal line 24 are arranged as shown in the dia- 
gram. 

20 [0036] A dock signal CLK, an inverted dock signal 
CLKb, a start pulse signal SP, and a drive direction 
switehing signal SUR are irput to the shift register dr- 
cuit 21 from tiie wirings shown in the drawing. 
[0037] The clock signal CLK (for exanple, 10 V) is 

25 input to the level shifter drcuit 21 from external to the 
source signal line side driving circuit. The voftage ampli- 
tude level of the input clodc signal is a voltage amplitude 
level at which the shift register circuit 21 can operate. 
[0038] The shift register circuit 21 operates in 

30 accordance vinth the input clock signal, and the start 
pulse signal input to the shift register circuit 21 at the 
same time, and a timing signal is created in order to 
sample the image. The created timing signal is input to 
the level shifter circuit 22. 

35 [0039] It has already been stated that in order to 
drive the liquid crystal in a saturation state, it is neces- 
sary to input a timing signal vtrhich has a vdtage anrpli- 
tude level that indudes a certain fixed margin voltage in 
addition to the saturation voltage, to the sampling circuit 

40 23. Therefore, if the voftage amplitude level of the timing 
signal input to the sanpling circuit 23 does not meet the 
voltage anplitude level that includes a certain fixed mar- 
gin voltage in addition to the saturation voltage, it is nec- 
essary to increase the voltage amplitude level of the 

45 timing signal. The timing signal input to the level shifter 
drcuit 22 is increased to a voltage amplitude level that 
includes a certain fixed margin voltage in addition to the 
saturation voltage (for example, 16 V), and then output. 
The output timing signal is then input to the sampling 

50 drcuit 23. 

[0040] In order to operate the shift register circuit at 
high-speed, it is necessary to reduce the power supply 
voltage of the shift register circuit to a level that does not 
cause damage to the TFT of the shift register circuit 21 

55 from punch through or hot electrons due to the short 
channel effect, ft is also necessary to increase the 
power supply voltage of the shift register circuit to a level 
at which the TFT, with a manufacturable channel length. 
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will operate. However, with the circuit structure ot Prior 
Art B. if the voltage amplitude level of the clock signal, 
input from external to the source signal line side driving 
circuit is increased to a high voltage, to a voltage ampli- 
tude level at which the shift roister circuit can operate 5 
at high-speed, it is difficult to suppress the voltage 
anplitude level of the clock signal, input from external to 
the source signal line side driving circuit, to a level at 
Vi&iidn unwanted radiation does not become a problem. 
Further, the higher the voltage anplitude level of the 
dock signal input from external to the source signal line 
side driving circuit becomes, the larger the power con- 
sumption, which is not desirable. 
[0041 ] There is a solution path for the above prot>- 
lems by using a liquid crystal display device strLK:tured 
with a LCD material that can be driven with a relatively 
low voltage, smaller than 3 V. However, the reliability is 
low because the liquid crystal used has a voltage hold- 
ing rate that is low. current leaks due to the voltage 
applied to the liquid crystals, and the liquid crystals eas- 
ily deteriorate. LCD materials that can be driven with a 
voltage greater than 3 V have a relatively high voltage 
holding rate of over 95%. and the reliability of a liquid 
crystal display device that uses an LCD material driven 
with a voltage greater than 3 V is high. 

[Prior Art C] 

[0042] A blodt diagram of another example of the 
conventional source signal line side driving circuit 1801 
is shown in Fig. 19C. 

[0043] A dock signal CLK (for example. 9 V) from 
external to the source signal line side driving drcuit is 
input to the shift register circuit. Then the shift register 
drcuit operates in accordance with the input dock sig- 
nal and a start pulse signal irput at the same time to the 
shrft register drcurt. and a timing signal is created in 
order to sample the image. The sanpling circuit oper- 
ates based on the timing signal, and the image signal is 
sampled. 

[0044] Rg. 23 shows an example of the specific dr- 
cuit structure shown in the block diagram of Rg. 19C. A 
shift register drcuit 31, a sampling drcuit 32, and an 
image signal line 33 are arranged as shown in the dia- 
gram. 

[0045] A dock signal CLK, an inverted clock signal 
CLKb. a start pulse signal SP. and a drive direction 
switching signal SUR are input to the shift register dr- 
cuit 31 from the wirings shown in the drawing. 
[0046] The dock signal CLK (for example. 9 V) is 
input to the shift register drcuit 31 from external to the 
source signal line side driving circuit. 
[0047] The shift register drcuit 31 operates in 
accordance with the input clock signal, and the start 
pulse signal input to the shift register circuit 31 at the 
same time, and creates in order a timing signal for sam- 
pling the image. The created timing signal is input to the 
sampling drcuit 32. 



[0048] It is self-evident that the Prior Art C pos- 
sesses the drawbacks of both Prior Art A and Prior Art 

B. If the liquid crystals are driven in the saturation state, 
the TFT of the shift register circuit is easily damaged 
due to punch through and hot electrons resulting from 
tiie short channel effect, so there is a problem that the 
channel length cannot be shortened and therefore high- 
speed operation is not possible. 

[0049] Further, virith the circuit structure of Prior Art 

C. at the point of input from external to the source signal 
line side driving drcuit the voltage amplitude level of the 
dock signal is a voltage amplitude level that includes a 
certain fixed margin voltage in addition to the saturation 
voltage. Therefore this cannot be suppressed enough to 
avoid the problems of unwanted radiation and power 
consumption. 

[0050] There is a solution path for the above prob- 
lems by using a liquid crystal display device structured 
with a LCD material that can be driven with a relatively 
low voltage, smaller than 3 V. However, the reliability is 
low because the liquid crystal used has a voltage hold- 
ing rate that is low. cun-ent leaks due to the voltage 
applied to the liquid crystals, and the liquid crystals eas- 
ily deteriorate. LCD materials that can be driven with a 
voltage greater than 3 V have a relatively high voltage 
holding rate of over 95%. and the reliability of a liquid 
crystal display device that uses an LCD material driven 
with a voltage greats than 3 V is high. 



[0051] A block diagram a conventional gate signal 
line side driving circuit is shown in Fig. 24A. 
[0052] A clock signal CLK (for example. 3 V) from 
external to the gate signal line side driving circuit is input 
to the level shifter drcuit. The voltage amplitude level of 
the dock signal must be a voltage amplitude level at 
which it is possible for the level shifter circuit to operate. 
[0053] The voltage anrplitude level of the dock sig- 
nal input to the level shifter circuit is increased (for 
example, from 3 V to 25 V). 

[0054] It is necessary the voltage amplitude level of 
the selection signal input to the gate signal lines be a 
voltage amplitude level at which it is possible to reliably 
drive all of the pixel TFTs connected to the selected 
gate signal line. The selected signal voltage is applied 
to the gate electrodes of the pixel TFTs connected to 
the gate signal line, forming channels in the pixel TFTs. 
Thi« a current flows from the source to the drain of the 
pixel TFTs. and the image signal is supplied to the liquid 
crystals, and the liquid crystals are driven. 
[0055] The gate signal line has a long wiring and 
the wiring resistance is high, so there is a voltage drop 
when the selection signal input to the gate signal line is 
applied to the pixel TFT farthest away The more the 
voltage drops, the more the voltage applied to the pixel 
TFT gate electrode becomes smaller, and in the worst 
case a channel cannot be formed in the pixel TFT 
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[0056] To supply a pixel signal to the liquid crystals 
by reliably driving all of the pixel TFTs. the voltage 
anplitude level of the selection signal input to the gate 
signal line must be increased to a voltage anplitude 
level that includes a certain fixed margin voltage in addi- 
tion to the image signal voltage amplitude level. Also, it 
is necessary for the selection signal to have a high volt- 
age anplitude level, to a degree which the voltage drop 
due to the wiring resistance of the gate wiring will not 
become a problem. 

[0057] The margin voltage is a voltage in order that 
i an inrage signal with a voltage amplitude level that is the 
same as the saturation voltage is reliably supplied to the 
i pixel electrode of the liquid crystal cell. It is necessary 
thet the margin voltage have a size such that a satura- 
tion voltage image signal will reliably be supplied to the 
pixel electrode. 

[0058] The increased voltage anplitude level clod^ 
signal (for exanpte^ 25 V) is input to the shift register cir- 
cuit. The shift register circuit operates in accordance 
with the input clock signal and a start pulse signal irput 
to the shift register circuit at the same time, and a selec- 
tion signal is created in order to operate the pixel TFTs. 
The created selection signal is input to the gate signal 
line, channels are formed in the pixel TFTs. and the 
image signal is supplied to the liquid crystals. 
[0059] It is not necessary to operate the shift regis- 
ter circuit at as high a speed for the gate signal line side 
driving circuit as it is for the source signal line side driv- 
ing circuit. As stated above, the TFT operation speed is 
inversely proportional to the square of the chann^ 
length. The TFT channel length on the shift register cir- 
cuit is longer on the gate signal line side driving circuit 
than on the source signal line side driving circuit, which 
has an operating speed slower than tiie source signal 
line side driving drcurt, and it is difficult for damage to 
occur from punch through or hot electrons due to the 
short channel effect. 

[0060] However, in recent years the development of 
large screen, high definition liquid crystal display 
devices has been advancing, as stated above. When 
considering display at the same frame rate, the more 
the number of pixels in a liquid crystal display device 
increases, the higher the speed at which it is necessary 
to operate the shift register circuit on the gate signal line 
side driving circuit, as in the source signal line side driv- 
ing circuit Accordingly, there is a demand for a higher 
frequency drive of tine shift register in the gate signal 
line side driving circuit. 

[0061] Then the increased voltage anplitude level 
clock signal is input to the shift register circuit. The shift 
register circuit operates in accordance with the input 
clock signal and a start pulse signal input at the same 
time to the shift register circuit, and a selection signal is 
created in order to reliably operate the pixel TFTs. The 
created selection signal is input to the gate signal lines. 
[0062] It is self-evident that tiie Prior Art D pos- 
sesses the same drawbacks as Prior Art A. With Prior 



Art D. in order to make it possible to reliably drive all of 
the pixel TFTs. it is difficult to reduce the voltage ampli- 
tude level of the selection signal irput to the shift regis- 
ter circuit to an extent at which the shift register drcuit 

5 TFT will not be damaged from punch through or hot 
electrons due to the short channel effect 
[0063] There is a solution path for ^e above prob- 
lems by L^ing a liquid crystal display device structured 
with a LCD material that can be driven with a rdatively 

10 low voltage, smaller than 3 V. However, the reliability is 
low because the liquid crystal used has a voltage hold- 
ing rate that is low, oin-ent leaks due to the voltage 
applied to the liquid crystals, and tiie liquid crystals eas- 
ily deteriorate. LCD materials that can be driven with a 

75 voltage greater than 3 V have a relatively high voltage 
holding rate of over 95%, and the reliability of a liquid 
crystal display device that uses an LCD material driven 
with a voltage greater than 3 V is high. 

20 [Prior Art E] 

[0064] A block diagram of anotiier example of a 
conventional gate signal line side driving circuit is 
shown in Fig. 24B. 

25 [0065] A cAodk signal CLK (for example. 1 0 V) input 
from external to the gate signal line side driving ciroiit is 
input directly to the shift register circuit. The input clock 
signal has a voltage anplitude level at which it is possi- 
ble for tiie shift register circuit to operate. The shift reg- 

30 ister circuit operates in accordance with the irput clock 
signal and a start pulse signal input to the shift register 
circuit at tiie same time, and a selection signal is cre- 
ated in order to operate the pixel TFTs. 
[0066] The created selection signal is input to the 

35 level shifter circuit, and tiie voltage anplitude level 
thereof is increased to a voltage amplitude level at 
which It is possible to reliably operate all of the pixel 
TFTs (for example, from 10 V to 30 V). The increased 
voltage amplitude level selection signal is then supplied 

40 to the gate signal lines. 

[0067] It is self-evident that the Prior Art E pos- 
sesses the same drawbacks as Prior Art B. With Prior 
Art B, if the input dock signal is given a voltage anpli- 
tude level at which high-speed operation of tiie shift reg- 

45 ister circuit is possible, then it is difficult to reduce it to a 
degree at which unwanted radiation will not become a 
problem. In addition, as stated above, there is a problem 
of not being capable of suppressing the power con- 
sumption. 

50 [0068] There is a solution path for tiie above prob- 
lerr^ by using a liquid crystal display device structured 
with a LCD material that can be driven with a relatively 
low voltage, smaller than 3 V. However, the reliability is 
low because tiie liquid crystal used has a voltage hold- 

55 ing rate that is low, current leaks due to the voltage 
applied to the liquid crystals, and tiie liquid crystals eas- 
ily deteriorate. LCD materials that can be driven with a 
voltage greater than 3 V have a relatively high voltage 
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holding rate of over 95%. and the reliability of a liquid 
crystal display device that i^es an LCD material driven 
with a voltage greater than 3 V is high. 

[Prior Art F] 

[0069] A block diagram of another example of a 
conventional gate signal line side driving circuit is 
shown in Rg. 24C. 

[00701 A clock signal CLK (for example, 20 V) from 
extemal to the gate signal line side driving circuit is input 
to the shift register circuit At this point, the voltage 
amplitude level of the Input clock signal has the neces- 
sary selection signal voltage amplitude level to drive the 
liquid crystals in the saturation state. 
[0071] The shift register circuit then operates in 
accordance with the dock signal input to the shift regis- 
ter circuit and a start pulse signal input to the shift reg- 
ister circuit at the same time, and a selection signal is 
aeated in order to operate the pixel TFTs. The aeated 
selection signal is input to the gate signal lines. 
[0072] It is self-evident that the Prior Art F pos- 
sesses the same drawbacks as Prior Art C. If all of the 
pixel TFTs are to be reliably driven, the channel length 
cannot be shortened because the shift register circuit 
TFT is easily damaged by punch through and hot elec- 
trons due to the short channel effect, and therefore 
there is a problem of not being cable of operating at 
high-speed. 

[0073] There is a solution path for the above prob- 
len^ by using a liquid crystal display device structured 
with a LCD material that can be driven with a relatively 
low voltage, smaller than 3 V. However, the reliability is 
low because the liquid crystal used has a voltage hold- 
ing rate that is low. current leaks due to the voltage 
applied to the liquid crystals, and the liquid crystals eas- 
ily deteriorate. LCD materials that can be driven with a 
voltage greater than 3 V have a relatively high voltage 
holding rate of over 95%, and the reliability of a liquid 
crystal display device that uses an LCD material driven 
with a voltage greater than 3 V is high. 
[0074] The problem points from Prior Arts A to F are 
brought together below. A liquid crystal display device 
which can be driven at a relatively low voltage below 3 V, 
the voltage holding rate is low. there is a current leak 
due to the voltage applied to the liquid crystals, and the 
liquid crystals easily deteriorate, so the reliability is low. 
Thus it is d^irat^e to increase the liquid crystal display 
device reliability by using a display device with a high 
voltage holding rate and driven with a relatively high 
voltage. However, if the liquid crystals are driven to a 
saturation state by a conventional source signal line 
side driving circuit when a liquid crystal display device 
driven by a relatively high voltage is used, then the shift 
register circuit TFT is easily damaged by punch through 
and hot electrons due to the short channel effect. Fur- 
ther, the change to large scale display panels in recent 
years has brought with it the demand for high-speed 



operation of the shift register circuit However, if the 
pa\N& consumption and the unwanted radiation with a 
conventional source signal line side driving circuit are 
suppressed, high-speed operation of the shift register 
5 circuit is difficult, and the demands accompanying large 
screens cannot be met 

[0075] Similariy for the gate signal line side driving 
circuit, if all of the pixel TFTs are to be reliably driven, 
the shift register circuit TFT is easily darraged by punch 

10 through and hot electrons due to the short ctennel 
effect. If the power consumption and the unwanted radi- 
ation are suppressed, then high-speed operation of the 
shift register circuit is difficult and the demands accom- 
panying large screens cannot be met 

75 [0076] There is a demand for the realization of a 
driving circuit that can drive without these types of prob- 
len^, and for a high reliability semiconductor display 
device which has the driving circuit. 



[0077] Thus an object of the present invention is to 
realize a driving circuit in which a voltage amplitude 
level of a dock signal input to a shift register drcuit is set 

25 to obtain the voltage and channel length suitable for 
driving the shift register drcuit at high-speed. By doing 
so. another object of the invention is to realize a high- 
speed operation driving drcuit and a semiconductor 
display device having the driving drcuit, with which even 

30 if liquid crystals are driven in a saturation state, or even 
if all of the pixel TFTs are reliably operated, the shift reg- 
ister drcuit will not be damaged. Further, another object 
of the invention is to make high-speed operation of the 
shift register circuit possible even if the voltage ampli- 

35 tude level of the clock signal, input from external to the 
driving drcuit is suppressed to a level at which power 
consumption and unwanted radiation do not become 
problerrs. 

[0078] In the present invention, the voltage ampli- 
40 tude level of the dock signal input from external to the 
driving circuit is increased by a level shifter circuit, and 
the clock signal is then input to the shift register circuit. 
A timing signal created by the shift register drcuit is 
additionally input to the level shifter circuit. The voltage 
45 amplitude level is increased in two stages. 

[0079] As sudi, by ananging a level shifter circuit 
before and after the shift register circirit. the present 
invention reduces the shift register circuit power supply 
voltage so that the shift register circuit TFT is not dam- 
so aged by punch through or hot electrons due to the short 
channel effect. Further, the shift register circuit is oper- 
ated such that the channel length of the shift register cir- 
cuit TFT is lengthened to an extent at which it can be 
formed, and the voltage amplitude level of the clock sig- 
55 nal applied to the TFT source is increased to the level at 
which the TFT operates. Thus, even if the liquid crystals 
are driven in the saturation state, and even if all of the 
pixel TFTs are reliably operated, the shift register circuit 
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is not damaged, a driving circuit which operates at high- 
speed, and a semiconductor display device which con- 
tains the driving drojit are provided. In addition, a sem- 
iconductor device having a driving circuit with which it is 
possible to suppress power consunrption and unwanted 
radiation, to such an extent that they do not become 
problems even when the shift register circuit is operated 
at high speed, is provided. 

[0080] The structure of the present invention is 
explained below. 

[0081] In accordance with a preferred embodiment 
of the present invention, there is provided a source sig- 
nal line side driving circuit having a first level shifter dr- 
curt, a second level shifter circuit, a shift register circuit, 
and a sampling drcuit, characterized in that: 

the first level shifter drcuit increases the voltage of 
an input signal, which is input to the first level shifter 
droiit from external to the source signal line side 
driving circuit to a voltage amplitude level at which 
it is possible for the shift register circuit to operate, 
and inputs the result to the shift resister drcuit; 
the shift register drcuit creates a timing signal, 
based on the input signal input from the first level 
shifter drcuit. in order to sample an image signal 
supplied from external to the source signal line side 
driving drcuit. and inputs the created timing signal 
to the second level shifter drcuit; 
the second level shifter circuit further increases the 
voltage amplitude level of the input timing signal, 
and inputs the result to the sampling circuit: and 
the sampling drcuit samples the image signal in 
accordance with the input timing signal, and sup- 
plies the result to source signal lines connected to 
the source signal line side driving circuit. Thus the 
at)Ove objects of the present invention are 
achieved, 

[0082] In addition, in accordance with another pre- 
ferred emtx)diment of the present invention, there is 
provided a source signal line side driving circuit having 
a first level shifter drcuit, a second level shifter circuit, a 
shift register circuit, and a sampling circuit, character- 
ized in that: 

the first level shifter circuit increases the voltage of 
a clock signal, which is input to the first level shifter 
circuit from external to the source signal line side 
driving circuit and has a voltage amplitude level at 
which it is possible for the first level shrfter circuit to 
operate, to a voltage amplitude level at which it is 
possible for the shift register circuit to operate, and 
inputs the result to the shift register circuit: 
the shift register drcuit creates a timing signal. 
t>ased on the clock signal input to the shift register 
drcuit in order to sample an image signal supplied 
from external to tiie source signal line side driving 
drcuit and inputs the created timing signal to the 
second level shifter circuit: 



the second level shifter drcuit increases the voltage 
amplitude level of the timing signal input to the sec- 
ond level shifter drcuit, to a voltage amplitude level 
that indudes a certain fixed margin voltage in addi- 

5 tion to the saturation voltage of a liquid crystal, and 
inputs the result to the sampling drcuit and 
the sampling drcuit sarrples tiie image signal in 
accordance with the timing signal input to the sam- 
pling drcuit. and supplies the result to source signal 

10 lines connected to the source signal line side driv- 
ing drcuit. Thus the above ejects of the present 
invention are achieved. 

[0083] In addition, in accordance witii another pre- 
15 fenred embodiment of the present invention, there is 
provided a gate signal line side driving circuit having a 
first level shifter drcuit. a second level shifter drcuit and 
a shift register drcuit. characterized in that: 

20 the first level shtfter circuit increases the voltage of 
an input signal, which is input from external to the 
gate signal line side driving drcuit to a voltage 
amplitude level at which it is possible for the shift 
register circuit to operate, and inputs the result to 

25 the shift register drcuit; 

the shift register circuit creates a selection signal, 
based on the input signal which is input to the shift 
register drcuit and inputs tiie created selection sig- 
nal to tiie second level shifter drcuit: and 

30 the second level shifter circuit increases the voltage 
amplitude level of tiie input selection signal, to a 
voltage amplitude level at which it is possible for all 
pixel TFTs connected to gate signal lines to reliably 
operate, and either directiy, or through a buffer dr- 

35 curt, supplies the increased voltage selection signal 
to tine gate signal lines. Thus tiie above objects of 
the present invention are achieved. 

[0084] In addition, in accordance with anotiier pre- 
40 fen-ed embodiment of tiie present invention, tiiere is 
provided a gate signal line side driving circuit having a 
first level shifter circuit, a second level shifter drcuit and 
a shift register drcuit. characterized in that: 

45 the first level shifter circuit increases the voltage of 
a clock signal, which is input to ttie first level shifter 
drcuit from external to the gate signal line side driv- 
ing circuit and has a voltage annplitude level at 
which it is possible for ttie first level shifter circuit to 

50 operate, to a voltage anplitude level at which it is 
possible for tiie shift register drcuit to operate, and 
inputs tiie result to the shift register drcuit; 
tiie shift register circuit based on the dock signal 
input to the shift register drcuit. creates a selection 

55 signal which operates pixel TFTs connected to the 
gate signal line side driving drcuit through gate sig- 
nal lines, and inputs the created selection signal to 
the second level shifter circuit; and 
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the second level shifter circuit increases the voltage 
amplitude level of the selection signal input to the 
second level shifter circuit to a voftage anrplitude 
level at which it is possble for all of ttie pixel TFTs 
connected to the gate signal lines to reliably oper- 5 
ate. aitd supplies the selection signal, which has 
been increased in voltage by the second level 
shifter circuit, to the gate signal lines. Thus the 
above objects of the present invention are 
achieved. 

[0085] In addition, in accordance with another pre- 
fared embodiment of the present invention, there is 
provided a semiconductor display device having: 

a pixel region in which a plurality of pixel TFTs are 
arranged in a matrix state; 
a plurality of source signal lines which are con- 
nected to source electrodes of the multiple number 
of pixel TFTs. respectively; 
a plurality of gate signal lines which are connected 
to gate electrodes of the plurality of pixel TFTs. 
respectively; 

a source signal line side driving circuit connected to 
the plurality of source signal lines; and 
a gate signal line side driving circuit connected to 
the plurality of gate signal lines, 
characterized in that: 

the source signal line side driving circuit has a first 
level shifter circuit, a second level shifter circuit, a 
shift register circuit, and a sampling circuit: 
the first level shifter circuit increases the voltage of 
a dock signal, which is input to the first level shifter 
circuit from external to the source signal line side 
driving circuit and has a voltage anplitude level at 
which it is possible for the first level shifter circuit to 
operate, to a voltage amplitude level at which it is 
possible for the shift register circuit to operate, and 
inputs the result to the shift register circuit; 
the shift register circuit creates a timing signal, 
based on the clock signal input to the shift register 
circuit, in order to sample an image signal supplied 
from external to the source signal line side driving 
circuit, and inputs the created timing signal to the 
second level shifter circuit; 
the second level shifter circuit increases the voltage 
amplitude level of the timing signal input to the sec- 
ond level shifter circuit to a voltage amplitude level 
that includes a certain fixed margin voltage in addi- 
tion to the saturation voltage of a Tquid crystal, and 
inputs the result to the sampling circuit; and 
the sampling circuit samples the image signal in 
accordance with the timing signal input to the sanv 
pling circuit, and supplies the result to the source 
signal lines. Thus the atjove objects of the present 
invention are achieved. 

[0086] The source signal line side driving circuit 



may be formed with the pixel region on the same sub- 
strate. 

[0087] In addition, in accordance with another pre- 
ferred embodiment of the present invention, there is 
provided a semiconductor display device having: 

a pixel region in which a plurality of pixel TFTs are 
arranged in a matrix state; 
a plurality of source signal lin^ which are con- 
nected to source electrodes of the plurality of pixel 
TFTs, respectively; 

a piuralrty of gate signal lines which are connected 
to gate electrodes of tiie plurality of pixel TFTs. 
re^ectively; 

a source signal line side driving drcurt connected to 

the plurality of source signal lines; and 

a gate signal line side driving drcuit connected to 

the plurality of gate signal lines. 

characterized in that: 

the gate signal line side driving drcuit has a first 
level shifter circuit, a second level shifter drcuit and 
a shift register drcuit; 

the first level shifter circuit increases the voltage of 
a clock signal, which is input to the first level shifter 
drcuit from external to the gate signal line side driv- 
ing circuit and has a voltage amplitude level at 
which it is possikde for the first level shifter circuit to 
operate, to a voltage anplitude level at which ft is 
possible for the shift register drcurt to operate, and 
inputs the resuft to the shift register drcuit; 
the shift register circuit based on the dock signal 
input to the shift register drcurt. creates a selection 
signal which operates the pixel TFTs connected to 
the gate signal line side driving circuit through the 
gate signal lines, and inputs the created selection 
signal to the second level shifter drcuit; and 
the second level shifter drcuit inaeases the voltage 
amplitude level of the selection signal input to the 
second level shifter drcuit. to a voltage amplitude 
level at which it is possible for all of the pixel TFTs 
connected to the gate signal lines to reliably oper- 
ate, and supplies the selection signal, which has 
been increased in voltage by the second level 
shifter circuit, to the gate signal lines. Thus the 
above objects of the present invention are 
achieved. 

[0088] The gate signal line side driving drcuit may 
be formed with tiie pixel region on the same substrate. 
[0089] In addition, in accordance with another pre- 
fen-ed embodiment of the present invention, there is 
provided a semiconductor display device having: 

a pixel region in which a plurality of pixel TFTs are 
arranged in a matrix state; 
a plurality of source signal lines which are con- 
nected to source electrodes of the plurality of pixel 
TFTs, respectively; 
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a plurality of gate signal lines which are connected 
to gate electrodes of the plurality of pixel TFTs, 
respectively 

a source signal line skie driving ciroiit connected to 
the plurality of source signal lines; and 5 
a gate signal line side driving circuit connected to 
the plurality of gate signal lines, 
characterized in that: 

the source signal line side driving circuit has a first 
level shifter circuit, a second level shifter circuit a io 
first shift register circuit, and a first sampling circuit; 
the first level shifter circuit increases the voltage of 
a clock signal, which is input to the first level shifter 
circuit from external to the source signal line side 
driving circuit and has a voltage amplitude level at 15 
which it is possible for the first level shifter circuit to 
operate, to a voltage amplitude level at which it is 
possible for the first shift register circuit to operate, 
and inputs the result to the first shift register circuit: 
the first shift register circuit creates a timing signal, 20 
based on the dock signal input to the first shift reg- 
ister circuit, in order to sample an image signal sup- 
plied from external to the source signal line side 
driving drcuit, and inputs the created timing signal 
to the second level shifter drcurt; 25 
the second level shifter circuit increases the voltage 
anplitude lev^ of the timing signal input to the sec- 
ond level shifter circuit, to a voltage amplitude level 
that indudes a certain fixed margin voltage in addi- 
tion to the saturation voltage of a liquid crystal, and 30 
inputs the result to the first sampling circuit; 
the first sampling circuit samples the image signal 
in accordance with the timing signal input to the first 
sampling circuit, and supplies the result to the 
source signal lines; ^ 
the gate signal line side driving drcuit has a third 
level shifter drcuit, a fourth level shifter circuit, and 
a second shift register circuit; 
the third level shifter drcuit increases the voltage of 
a clock signal, which is input to the third level shifter 40 
drcuit from external to the gate signal line side driv- 
ing drcuit and has a voltage amplitude level at 
which it is possible for the third level shifter circuit to 
operate, to a voltage amplitude level at which it is 
possible for the second shift register circuit to oper- 45 
ate, and inputs the result to the second shift roister 
drcuit; 

the second shift register circuit, based on the clock 
signal input to the second shift register drcuit, ae- 
ates a selection signal which operates the pixel so 
TFTs connected to the gate signal line side driving 
drcuit though the gate signal lines, and inputs the 
created selection signal to the fourth level shifter 
circuit; and 

the fourth level shifter circuit increases the voltage 55 
amplitude level of the selection signal input to the 
fourth level shifter circuit, to a voltage amplitude 
level at which it is possible for all of the pixel TFTs 



connected to ^e gate signal lines to reliably oper- 
ate, and supplies the selection signal, which has 
been increased in voltage by the fourth level shifter 
drcuit, to the gate signal lines. Thus the atx>ve 
objects of the present invention are achieved. 

[0090] The source signal line side driving circxiit 
and the gate signal line side driving circuit may be 
fomied with the pixel region on the same substrate. 
[0091] In addition, in accordance with another pre- 
ferred emt)odiment of the present invention, there is 
provided a driving circuit for a semiconductor display 
device of digital drive system, the driving circuit having 
a first level shifter drcuit, a second level shifter circuit, a 
third level shifter drcuit, a first latdi drcuit, a second 
latch circuit a shift register drojit. arxJ a D/A converter 
drcuit. the driving drcuit characterized in that: 

the first level shifter circuit increases the voltage of 
an input signal, which is input to the first level shifter 
drcuit from external to the driving circuit, to a volt- 
age amplitude level at which it is possible for the 
shift register circuit to operate, and inputs the result 
to the shift register circuit; 
the shift register drcuit creates a timing signal, 
based on the input signal input from the first level 
shifter, which determines the timing for writing a 
digital signal, supplied from external to the driving 
drcuit to the first latch drcuit. and inputs the result 
to the first latch circuit; 

the digital signal is input to the third level shifter dr- 
cuit, and a digital signal output from the third level 
shifter circuit is input to the first latch circuit at the 
timing determined by the timing signal; 
tiie digital signal input to the first latch drcurt. after 
logical operation, undergoes logical operation in the 
second latch circuit and is output: and 
the output digital signal is input to the D/A converter 
drcuit through the second level shifter drcuit, and 
is converted to analog. Thus the above objects of 
tiie present invention are achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS _ 

[0092] In the accompanying drawings: 

Rg. 1 is a block diagram of a source signal line side 
driving circuit of the present invention; 
Rg. 2 is a drcuit diagram of a source signal line 
side driving circuit of the present invention; 
Rg. 3 is an outline diagram of an active matrix dis- 
play device; 

Rg. 4 is a block diagram of a source signal line side 

driving circuit of the present invention; 

Rg. 5 is a drcuit diagram of a source signal line 

side driving drcuit of the present invention; 

Rg. 6 is a timing chart of a source signal line side 

driving circuit of tiie present invention; 



10 



19 



EP 1 020 839 A2 



20 



Rg. 7 is a Wod< diagram of a source signal line side 
driving circuit of the present invention; 
Rg. 8 is a \oAock diagram of a source signal line side 
driving drcuit of the present invention; 
Rg. 9 is a blod< diagram of a gate signal line side 5 
driving circuit of the present invention; 
Rg. 10 is a circuit diagram of a gale signal line side 
driving circuit of the present invention; 
Rg. 1 1 is a block diagram of a gate signal line side 
driving circuit of the present invention: io 
Rgs. 12A to 12E are cross sectional diagrams 
showing a manufacturing process of a TFT; 
Rgs. 13A to 13C are cross sectional diagrams 
showing the manufacturing process of a TFT; 
Rgs. 14A to 14C are cross sectional diagrams is 
showing the manufacturing process of a TFT; 
Rgs. 15A to 15C are cross sectional diagrams 
showing the manufacturing process of a TFT; 
Rgs. 16A to 16E are structural diagrams of elec- 
tronic equipment using the present invention; 20 
Figs. 17A and 17B are structural diagrams of elec- 
tronic equipment using the present invention; 
Fig. 18 is an outline diagram of an active matrix dis- 
play device; 

Rgs. 19A to 19C are Uodk diagranr^ of conven- 2s 
tional source signal line side driving circuits; 
Rg. 20 an equivalent circuit diagram of a level 
shifter drcuit; 

Rg, 21 is a drcuit diagram of a conventional source 
signal line side driving circuit; 30 
Rg. 22 is a drcuit diagram of a conventional source 
signal line side driving circuit; 
Rg. 23 is a drcuit diagram of a conventional source 
signal line side driving circuit; 

Rgs. 24A to 24C are t)!ock diagrams of conven- 35 

tional source signal line side driving circuits; 

Figs. 25A to 25E are ctoss sectional diagrams 

showing a manufacturing process of a TFT; 

Rgs. 26A to 26D are cross sectional diagrams 

showing the manufacturing process of a TFT; 40 

Rgs. 27A and 27B are cross sectional diagrams 

showing a manufacturing process of a TFT; 

Rgs. 28A to 28E are cross sectional diagrams 

showing a manufacturing process of a TFT; 

Rgs. 29A and 29B are aoss sectional diagrams 45 

shewing tiie manufacturing process of a TFT; 

Rg. 30 is a block diagram of a source signal line 

side driving drcuit of the digital drive system of the 

present invention; 

Rg. 31 is a circuit diagram of a source signal line so 
side driving drcuit of the digital drive system of the 
present invention; 

Rgs. 32A to 32C are structural diagrams of elec- 
tronic equipment using the present invention; 
Fig. 33 is a diagram showing tiie electro-optical ss 
characteristics of a mono-stable FLC; 
Figs. 34A to 348 are views showing a structure of 
an active matrix type EL display panel; 



Rgs. 35A to 358 are views showing a structure of 
an active matrix type EL display panel; 
Rg. 36 is a view showing a cross section of a pixel 
region in the an active matrix type EL display panel; 
Rgs. 37A to 378 are views lowing a structure of 
the pixel region in an active matrix type EL display 
panel and a drcuit structure for the pixel region, 
respectively; 

Rg. 38 is a view showing a structure of a pixel 
region in an active matrix type EL display panel; 
and 

Rgs. 39A to 39C are views showing circuit struc- 
tures for pix^ regions in active matrix type EL dis- 
play panels. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0093] A source signal line side driving circuit is 
taken as an example of tiie driving circuit of tiie present 
invention and explained. Rrst. a block diagram of the 
structure of the source signal line side driving drcuit is 
shown in Rg. 1. 

[0094] A dock signal CLK is input to the source sig- 
nal line side driving drcuit from extemal to the source 
signal line side driving drcuit 

[0095] The input clock signal is input to a first level 
shifter drcuit. and tiie voltage anplitude level tiiereof is 
increased. Then tiie clock signal, which has a voltage 
amplitude level increased by tiie first level shifter circuit, 
is input to a shift register circuit. The shift register circuit 
operates based on the input clock signal, and in accord- 
ance with a start pulse signal input to the shift register 
drcuit at the same time, and a timing signal for sanpling 
an image is created in order. 

[0096] The timing signal is irput to a second level 
shifter circuit, and tiie voltage amplitude level is 
increased again. A sanpling circuit operates based on 
tiie timing signal with a voltage amplitude level 
increased by tiie second level shifter drcuit, and an 
image signal Is sannpled. The sampled image signal is 
supplied to source signal lines, and input to the sources 
of pixel TFTs. 

[0097] Rg. 2 shows an exanrple of tiie drcuit struc- 
ture in the block diagram shown in Rg. 1 . 
[00981 Clock signals CLK and CLKb are input to a 
first level shifter drcuit 201 from external to tiie source 
signal line side driving drcuit. The voltage amplitude 
level of the clock signal needs to be as low as possible 
in the range in which the first level shifter circuit 201 can 
operate, in order to suppress unwanted radiation to an 
extent that it does not become a problem. It is also nec- 
essary in order to limit power consumption. 
[0099] The clock signals input to the first level 
shifter circuit 201 have their voltages inaeased and 
then are output. It is necessary to increase the clock 
signal voltage amplitude levels at this time to an extent 
at which a TFT of a shift register circuit 202 is not dam- 
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aged by punch through or hot electrons due to the short 
channel effect, and moreover to an extent at which a 
TFT which has a manufacturable channel length will 
operate. 

[0100] The clock signals, which have increased 
voltage amplitude levels due to the first level shifter cir- 
cuit 201. are input to the shift register circuit 202. Fur- 
ther, a start pulse signal SP. with a voltage amplitude 
level increased by a level shifter circuit is input to the 
shift register circuit 202. The shift register circuit 202 
begins operation of creating a timing signal, based on 
the clock signals input to the shift register circuit 202. 
and in accordance with a start pulse signal irput to the 
shift register circuit at the same time. Tlie timing signal 
determines the sampling timing of an image signal to 
pixel TFTs corresponding to source signal lines SI and 
S2. The timing signal created by the shift register circuit 
202 is input to a second levd shifter drcuit 203. 
[01011 The voltage of the timing signal input to the 
second lev^ shifter circuit 203 is inaeased. An image 
signal with a voltage amplitude level which drives the 
liquid crystals in the saturation state (saturation voltage) 
is sampled, so it is necessary to increase the voltage of 
the timing signal at this point to a voltage amplitude level 
that includes a certain fixed margin voltage in addition to 
the saturation voltage. 

[0102] The margin voltage is used in order to relia- 
bly supply a saturation voltage image signal to the pixel 
TFT sources. It is necessary that tiie size of the margin 
voltage be large enough that the saturation voltage 
inrHge signal Is sampled in accordance with the timing 
signal, and reliably supplied to the source signal lines 
SI and S2. 

[01031 The timing signal, with its voltage increased 
by the second level shifter circuit 203. is input to a sam- 
pling circuit 204. 

[0104] The sampling circuit 204 is an aggregate of 
analog switches connected to each of the source lines 
SI and 82. When the timing signal is input to tiie sam- 
pling circuit 204. the timing signal voltage is applied to 
gate electrodes of the TFTs that constitute the analog 
switch^ of the sampling circuit 204, Thus channels are 
formed in tiie TFTs which conprise the analog 
switches, and a current flows from the sources to the 
drains. Therefore the image signal Is sampled, and sup- 
plied to the pixel TFTs through the source signal lines 
SI and S2. 

[0105] In the present invention, by an-anging level 
shifter circuits both before and after the shift register cir- 
cuit, the shift register circuit TFT is not damaged due to 
punch through or hot electrons caused by the short 
channel effect. Furthermore, by using a clock signal 
with a voltage amplitude level at which a TFT witfi a 
manufacturable channel lengtii cperates, the shift regis- 
X& circuit can be operated. As a result, high-speed 
operation can be performed without damage to the shift 
register circuit, and it is possible to drive the liquid crys- 
tals to a saturation state. In addition, even if the voltage 



amplitude level of the clock signal input from external to 
tiie source signal line side driving circuit is reduced as 
much as possible witiiin the range in which the level 
shifter circuit can operate, high-speed operation of the 

5 shift register circuit is possible, so pKwer consumption 
and unwanted radiation can be suppressed to such an 
extent tinat they do not become problems. 
[01 06] A driving circuit of the present inventiwi. and 
a semiconductor device which has the driving drcuit. 

10 are explained in detail using Figs. 3 to 1 7B by embodi- 
ments below, 

[Embodiment 1] 

15 [01 07] An example of a source signal line side driv- 
ing circuit using the structure of the present invention, in 
which, by ananging level lifter circints before and after 
a shift register circuit, the voltage amplitude level of a 
signal is increased in two stages, before and after the 

20 shift register circuit, is shown in Embodiment 1. The 
structure of a semiconductor device of ErrtxxJiment 1 , 
in particular an active matrix type liquid crystal display 
device, is shown in Rg. 3. 

[0108] A source signal line side driving drcuit 301 
25 and a gate agnal line side driving circuit 302 are formed 
in unity on the same siiDStrate as a pix^ region which 
constitutes a pixel region 308. 

[0109] In addition, a plurality of source signal lines 
303 connected to the source signal line side driving cir- 

30 cuit 301, and a plurality of gate signal lines 304. con- 
nected to the gate signal line side driving drcuit 302. 
intersect in the pixel region 308. Formed in the region 
enclosed by each of the source signal lines 303 and 
each of tiie gate signal lines 304 are a liquid crystal cell 

35 306. in which a liquid crystal is sandwiched by a pixel 
electrode and an opposing electrode, a storage capad- 
tor 307. and one out of a plurality of pixel TFTs 305 con- 
nected to the source signal lines 303 and the gate signal 
lines 304. 

40 [0110] An image signal input to tiie source signal 
lines 303 is sdected by tiie pixel TFTs 305, and written 
to preset pixel electrodes. 

[0111] The image signal, sampled in accordance 
with a timing signal output from the source signal line 

45 side driving drcuit 301 , is supplied to the source signal 
lines 303 by a sampling circuit. 
[0112] The pixel TFTs 305 operate in accordance 
with the selection signal output from the gate signal line 
side driving circuit 302 tiirough tiie gate signal lines 

50 304. 

[0113J Next, a block diagram of the source signal 
line side driving circuit of Embodiment 1 is shown in Rg. 
4. A rquid crystal with a saturation voltage of 5 V is used 
in Embodiment 1. A dock signal CLK. witii a voltage 
55 amplitude level of 2.5 V and from external to the source 
signal line side driving circuit, is input to a first level 
shifter drcuit of the source signal line side driving cir- 
cuit The voltage amplitude level of the clock signal input 
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to the first level shifter circuit needs to be as low as pos- 
sible, within the range in which the first level shifter cir- 
cuit can operate, in order to suppress unwanted 
radiation to an extent where it does not become a prob- 
lem. This is also necessary in order to reduce power 
consumption. 

[0114] The voltage amplitude level of the clock sig- 
nal input to the first level shifter circuit is increased 
(made higher voltage) by the first level shifter circuit, 
from 2.5 V to 5 V in Embodiment 1, and the result is 
input to the shift register circuit. 
[Oil 51 The voltage anplitude level of the clock sig- 
nal input to the shift register circuit is required to be a 
voltage amplitude level tiiat is within the range in which 
the shift register circuit can operate. The shift register 
drcuft can operate at 5 V in Emt>odiment 1 . For exam- 
ple, in order to operate the shift register circuit of the 
source signal line side driving circuit at 12.5 MHz or 
greater in Embodiment 1, when configured by a TFT 
with a 2 ^m channel length, it is necessary for the volt- 
age amplitude level of the dock signal input to the shift 
register drcuit to be 4 V or greater. TTie voftage ampli- 
tude level is increased to 5 V in Embodiment 1 . but the 
voltage amplitude level is not limited to this number for 
the present invention. A necessary condition is that the 
voltage annplitude level of the dock signal input to the 
shift register drcuit be within the range in which the shift 
register drcuit can operate. Further, the level shifter dr- 
cuit may be used for signals other than just the clock 
signal, such as a start pulse signal. 
[01 1 6] The 5 V voltage amplitude level clock signal 
output from the level shifter circuit is input to the shift 
register circuit. The shift register drcuit operates based 
on the clock signal input to the shift register circuit, and 
in accordance wfth the start pulse signal input to the 
shift register circuit at the same time, and creates a tim- 
ing signal in order to sample the image signal supplied 
from an image ^gna! line. The created timing signal is 
input to a second level shifter drcuit 
[01 1 7] The voltage amplitude level of the timing sig- 
nal input to the second level shifter circuit is increased 
by the second level shifter circuit. It is necessary for the 
timing signal to be increased to a voltage anrplitude 
level that includes a certain fixed margin voftage in addi- 
tion to the saturation voltage. The timing signal input to 
the second level shifter circuit at 5 V is increased to 12 
V, and the 12 V timing signal is input to the sanrpling cir- 
cuit. The sampling circuit performs a sampling operation 
on the image signal supplied from the image signal lines 
in accordance with the timing signal input to the sam- 
pling circuit. 

[01 1 8] The sanpled image signal is supplied to the 
source signal lines, and is input to the pixel TFTs con- 
nected to the source signal lines, operating the liquid 
crystals. 

[0119] Note that a specific drcuit diagram of the 
source signal line side driving circuit of Embodiment 1 is 
shown in Rg. 5. and timing chart of the specific circuit of 



this embodiment shown in Rg. 5, at the clock signal, 
points A. B1 , C1 , C2, and on the timing signal lines 
SI and S2 is shown in Rg. 6. 

[0120] The 2.5 V voltage anrtplitude level clock sig- 
5 nal CLK is amplified to 5 V by a first level shifter circuit 
501 (point A). The increased voftage amplrtude level 
dock signal is input to a shift register circuit 502. a start 
pulse signal SP, with its voltage anrplitude level 
increased by a level shifter drcuit, is input to the shift 
10 register circuit 502 at the same time, and a timing signal 
IS created (points B1 and B2). 

[0121] The timing signal is further anrplified by a 
secor^ level shifter cirojit 503, beccming 12 V (points 
C1 and C2). Then the timing signal is input to an ana- 
15 logue swftch 505, the image signal is sampled, and the 
image signal is supplied to the selected source signal 
lines SI and S2. 

[0122] Thus, by an^nging level shifter circuits both 
before and after the shift register circuit with the present 

20 invention, a clod^ signal with a voltage anrplitude level 
low enough to cause no damage to the shift register cir- 
cuit TFT from punch through or hot electrons due to the 
short channel effect, and high enough that a TFT with a 
manufacturable channel length will operate, can be 

25 input to the shift register circuit. As a i-esuft, the shift reg- 
ister circuit can be operated at higher speed. Further, 
even if the voftage anrplitude level of the dock signal 
input from extemal to the source signal line side driving 
drcuit is reduced as much as possible within the range 

30 in which the level shifter circuit can operate, high-speed 
operation of the shift register circuit is possible, so 
pow^ consumption and unwanted radiation can be sup- 
pressed to an extent that they do not become prc±>!ems. 
An exanple of the present invention applied to a source 

35 signal line side driving circuit is explained in Embodi- 
ment 1. but the present invention is not limited to the 
preferred embodiment of Errdjodimerrt 1. 

[Embodiment 2] 

40 

[01 23] Another example of a source signal line side 
driving drcuit using the structure of the present inven- 
tion, in whidi, by arranging level shifter circuits before 
and after a shift register circuit, the voltage amplitude 

45 level of a signal is increased in two stages, before and 
after the shift register drcuit is shown in Embodiment 2. 
[0124] Next a block diagram of the source signal 
line side driving circuit of Embodiment 2 is shown in Rg. 
7. In Errtbodiment 2 a liquid crystal with a saturation 

50 voltage of 6 V is used. A dock signal CLK, with a voltage 
amplitude level of 3 V and from external to the source 
signal line side driving circuit, is input to a first level 
shifter circuit of the source signal line side driving cir- 
cuit The voltage amplitude level of the clock signal input 

55 to the first level shifter drcuit needs to be as low as pos- 
sible, within the range in which the first level shifter cir- 
cuit can operate, in order to suppress unwanted 
radiation to an extent where it does not become a prot>- 
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lem. This is also necessary in order to reduce power 
consumption. 

[0125] The voltage amplitude level of the dock sig- 
nal input to the first level shifter circuit is increased 
(rmde higher voltage) by the first level shifter circuit s 
from 3 V to 10 V in Enr^jodiment 2. are! the result is input 
to the shift register circuit 

[0126] The voltage amplitude level of the clock sig- 
nal input to the shift register circuit is required to be a 
voltage amplitude level that is within the range in which io 
the shift register circuit can operate. The shift register 
circuit can operate at 10 V in Embodiment 2. For exam- 
ple, in order to operate the shift register circuit of the 
source signal line side driving circuit at 5 MHz or greater 
in Embodiment 2, when configured by a TFT with a 3 is 
|im channel length, it is necessary for the voltage ampli- 
tude level of the dock signal input to the shift register 
circuit to t>e 8 V or greater. The voltage amplitude level 
is increased to 10 V in EnrdDOdiment 2. but the voltage 
anpiitude level is not limited to this number for the 20 
present invention. A necessary condition is that the volt- 
age amplitude level of the dock signal input to the shift 
register drcuit be within the range in which the shift reg- 
ister circuit can operate. Further, the lev^ shifter drcuit 
may be used for signals other than just the clock signal, 25 
such as a start pulse signal. 

[0127] TTie 10 V voltage anpiitude level dock signal 
output from the level shifter circuit is input to the shift 
register circuit The shift register drcuit operates based 
on the dock signal input to the shift register drcuit. and 30 
in accordance with the start pulse signal input to the 
shift registo- circuit at the same time, and creates a tim- 
ing signal in order to sanple an image signal supplied 
from an image signal line. The created timing signal is 
input to a second level shifter drcuit 35 
[01 28] The voltage amplitude level of the timing sig- 
nal input to the second level shifter circuit is increased 
l>y the second level shifter circuit. It is necessary for the 
timing signal to be increased to a voltage amplitude 
le^el that indudes a certain f ixed margin voltage in addi- 40 
tion to the saturation voltage. The timing signal input to 
the second level shifter circuit at 1 0 V is increased to 15 
V. and the 15 V timing signal is input to the sampling dr- 
cuit. The sampling circuit performs a sampling operation 
on the image signal supplied from the image signal lines 45 
in accordance with the timing signal input to the sanv 
pling circuit. 

[0129] The sampled image signal is supplied to the 
source signal lines, and is input to the pixel TFTs con- 
nected to the source signal lines, operating the liquid sc 
crystals. 

[0130] Thus, by forming level shifter circuits both 
before and after the shift register circuit with the present 
invention, a clock signal with a voltage amplitude level 
low enough to cause no damage to the shift register dr- a 
curt TFT from punch through or hot electrons due to the 
short channel effect, and high enough that a TFT with a 
manufacturable channel length will operate, can be 



input to the shift register drcuit. fis a result the shift reg- 
ister circuit can be operated at higher speed. Further, 
e/en if the voltage amplitude level of the dock signal 
input from external to the source signal line side driving 
drcuit is reduced as ntuch as possible within the range 
in which the level shifter drcuit can operate, high-speed 
operation of the shift register drcuit is possible, so 
powa' consumption and unwanted radiation can be sup- 
pressed to an extent that they do not become problems. 
An example of the present invention applied to a source 
signal line side driving circuit is explained in Embodi- 
ment 2, but the present invention is not limited to the 
preferred errt>odiment of Emlxxiiment 2. 

[Embodiment 3] 

[01 31 1 Another example of a source signal line side 
driving circuit using the structure of the present inven- 
tion, in which, by arranging level shifter drcuits before 
and after a shift register drcuit, the voltage amplitude 
lev^ of a signal is increased in two stages, before and 
after the shift register circuit is shown in Embodiment 3. 
[0132] Next a block diagram of the source signal 
line side driving drcuit of Embodiment 3 is shown in Fig. 
8. In Errtoodiment 3 a liquid crystal with a saturation 
voltage of 7 V is used. A dock signal CLK, with a voltage 
amplitude level of 5 V and from external to the source 
signal line side driving drcuit, is input to a first level 
shifter drcuit of the source signal line side driving dr- 
cuit The voltage amplitude level of the clock signal input 
to the first level shifter drcuit needs to be as low as pos- 
sible, within the range in which the first level shifter dr- 
cuit can operate, in order to suppress unwanted 
radiation to an extent where it does not become a prob- 
lem. This is also necessary in order to reduce power 
consumption. 

[0133] The voltage amplitude level of the dock sig- 
nal input to the first level shifter drcuit is increased 
(made higher voltage) by the first level shifter drcuit, 
from 5 V to 1 2 V in Embodiment 3. and the result is input 
to the shift register drcuit 

[0134] The voltage amplitude level of the clock sig- 
nal input to the shift register circuit is required to be a 
voltage amplitude level that is within the range in which 
the shift register circuit can operate. The shift register 
drcuit can operate at 12 V in Embodiment 3. For exam- 
ple, in order to operate the shift register circuit of the 
source signal line side driving circuit at 3 MHz or greater 
in Enrtoodiment 3, when configured by a TFT with a 5 
fjun channel length, it is necessary for the voltage ampli- 
tude level of the clock signal input to the shift register 
drcuit to be 10 V or greater. The voltage anpiitude level 
is increased to 12 V in Embodiment 3. but the voltage 
amplitude level is not limited to this number for the 
present invention. A necessary condition is that the volt- 
age amplitude level of the clock signal input to the shift 
register circuit be within the range in which the shift reg- 
ister circuit can operate. Further, the level shifter drcuit 
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may be used for signals other than just the dock signal, 
such as a start pulse signal. 

[01 35] The 12V voltage amplitude levd clock signal 
output from the level shifter circuit is input to the shift 
register drcuit The shift register drcuit operates leased 
on the clock signal input to the shift register drcuit, and 
in accordance wrth the start pulse signal input to the 
shift registQ- circuit at the same time, and creates a tim- 
ing signal in order to sanrple an image signal supplied 
from an image signal line. The created timing signal is 
input to a second level shifter drcuit 
[0136] The voltage amplitude level of the timing sig- 
nal input to the second level shifter circuit is increased 
by the second level shifter circuit. It is necessary for the 
timing signal to be increased to a voltage amplitude 
le^^el that includes a certain fixed margin voltage in addi- 
tion to the saturation voltage. The timing signal input to 
the second level shifter drcuit at 12 V is increased to 18 
V. and the 18 V timing signal is input to the sampling cir- 
cuit. The sampling drcuit performs a sanpling operation 
on the image signal supplied from the image signal lines 
in accordance with the timing signal input to the sam- 
pling drcuit. 

[01 37] The sampled image signal is sup plied to frie 
source dgnal lines, and is input to the pixel TFTs con- 
nected to the source signal lines, operating the liquid 
crystals. 

[0138] Thus, by arranging level shifter circuits both 
before and after the shift register drcuit with the present 
invention, a dock signal with a voltage amplitude level 
low Qiough to cause no damage to tiie shift register dr- 
cuit TFT from punch through or hot electrons due to the 
short channel effect and high enough tiiat a TFT with a 
manufacturable channel length will operate, can be 
input to the shift register drcuit As a resuft, the shift reg- 
ister circuit can be operated at higher speed. Further, 
even if the voltage amplitude level of the clock signal 
input from external to the source signal line side driving 
circuit is reduced as much as possible within the range 
in which the level shifter circuit can operate, high-speed 
operation of the shift register drcuit is possible, so 
power consunption and unwanted radiation can be sup- 
pressed to an extent that they do not become problems. 
An example of tiie present invention applied to a source 
signal line side driving circuit is explained in EntiDodi- 
ment 3. but the present invention is not limited to the 
preferred embodiment of Embodiment 3. 

[Embodiment 4] 

[0139] An example of the stmcture of the present 
invention applied to a gate signal line side driving drcuit 
is explained in Embodiment 4. 

[0140] A block diagram of tiie gate signal line side 
driving drcuit of Embodiment 4 is shown in Fig. 9. In 
Embodiment 4 a liquid crystal wttii a saturation voltage 
of 15 V is used. A clock signal CLK. with a voltage 
amplitude level of 3 V and from external to tiie gate sig- 



nal line side driving drcuit. is input to a first level shifter 
drcuit of tfie gate signal line side driving circuit. The 
voltage amplitude level of the clod^ signal input to the 
first level shifter drcuit needs to be as low as possible. 

5 within the range in which tiie first level shifter drcuit can 
operate, in order to suppress unwanted radiation to an 
extent where it does not become a prolrfem. This is also 
necessary in order to reduce power consumption. 
[0141 ] The voltage amplitude level of the dock sig- 

10 nal input to the first level shifter drcuit is increased 
(made higher voftage) by the first level shifter drcuit. 
from 3 V to 10 V, and the result is input to the shift reg- 
ister drcuit. 

[0142] The voltage amplitude level of tiie dock sig- 

15 nal input to the shift register circuit is required to be a 
voltage amplitude level that is witiiin the range in which 
the shift register drcuit can operate. The voltage ampli- 
tude level is increased to 10 V in Emt^odiment 4, but tine 
voltage amplitude level is not limited to this number for 

20 tiie present invention. A necessary condition is that tiie 
voltage amplitude level of the clock signal input to the 
shift register circuit be witiiin the range in which tiie shift 
register circuit can operate. Further, the level shifter cir- 
cuit may be used for signals otfier tiian just the clock 

25 signal, such as a start pulse signal. 

[01 43] The 1 0 V voltage anplitude level clock signal 
output from tiie level shifter drcuit is input to the shift 
register drcuit. The shift register circuit operates based 
on the dock signal input to the shift register drcuit and 

30 in accordance witii the start pulse signal input to ttie 
shift register drcuit at the same time, and creates a 
selection signal in order to reliably operate all pixel TFTs 
connected to gate signal lines. The created selection 
signal is input to a second level shifter drcuit. 

35 [0144] The voltage amplitude level of the selection 
signal input to the second level shifter circuit is 
increased by the second level shifter drcuit. ft is neces- 
sary for the selection signal to be increased to a voltage 
amplitude level required to reliably operate all the pixel 

40 TFTs. The selection signal input to the second level 
shift©- circuit at 10 V is increased to 20 V, tiie 20 V 
selection signal is input to the gate signal lines, and the 
pixel TFTs operate to supply an image signal to liquid 
crystals. 

45 [0145] A specific circuit structure of tiie block dia- 
gram of Rg. 9 is shown in Fig. 10. 
[0146] The dock signal CLK, input to a first level 
shifter circuit 1 001 , Is increased in voltage and then out- 
put. At tiiis point the vottage amplitude level of the clock 

50 dgnal has a voftage amplitude level at which the level 
shifter circuit 1001 can operate, and it is desirable tiiat 
tiie voltage amplitude level Is lower than the selection 
signal voltage amplitude level required to reliably oper- 
ate all of tiie pixel TFTs. The clock signal is input to a 

55 shift register circuit 1 002. 

[0147] A start pulse signal SP writii a voftage ampli- 
tude level increased by a level shifter circuit is input to 
the shift register circuit 1002. The shift register circuit 
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1002 begins to operate at a preset timing in accordance 
with the input of the start pulse signal. Then. t>ased on 
the clock signal input to the shift register circuit 1002. a 
selection signal which drives the pixel TFTs is output in 
order, and then Input to a second level shifter circuit 5 
1003. 

[0148] The selection signal input to the second level 
shifter drcurt 1003 is increased in voltage again and 
then output The selection signal with an increased volt- 
age Is then input to the gate signal lines g1 , g2. and g3. 
At this point it Is necessary that the voltage annplitude 
level be increased to the s^ection signal voltage ampli- 
tude levd required to reliably operate all of the pixel 
TFTs. 

[0149] TTius. by annnging level shifter drcuits both 
before arci after the shift register circuit, a clock signal 
witii a voltage amplitude level low enough to cause no 
damage to the shift register circuit TFT from punch 
through or hot electrons due to the short channel effect, 
and yet high enough that a TFT with a nnanufacturatrfe 
channel length will operate, can be input to the shift reg- 
ister circuit. And power consumption can be sup- 
pressed. Further, even if the voltage amplitude level of 
the dock signal input from external to the gate signal 
line side driving circuit is reduced as much as possible 
within the range in which the level shifter circuit can 
operate, high-speed operation of the shift register drcurt 
is possible, so power consumption and unwanted radia- 
tion can be suppressed to an ext^ that they do not 
become problems. An example of the present invention 
applied to a gate signal line side driving circuit is 
explained in Emt)odiment 4. t>ut the present Invention is 
not limited to the preferred en±>odiment of Err±>odiment 
4. 

[01 50] Note that it Is possible to use the gate signal 
line side driving drcurt shown in Emtxxliment 4 in the 
active matrix type liquid crystal display device shown in 
Fig. 3 of Enrti^odiment 1. 

[Embodiment 5] 

[0151] Another exannple of the structure of the 
present invention applied to a gate signal line side driv- 
ing drcurt is explained In Embodiment 5. 
[0152] A block diagram of the gate signal line side 
driving drcurt of Emlx)diment 5 is shown in Rg. 11. In 
EmtxxJiment 5 a liquid crystal with a saturation voltage 
of 14 V is used. A clock signal CLK. wrth a voltage 
annplitude level of 5 V and from external to the gate sig- 
nal line side driving circuit, is input to a first level shifter 
circuit of the gate signal line side driving drcurt. The 
voltage amplrtude level of the clock signal input to the 
first level shifter drcurt neecte to be as low as possible, 
within the range in which the first level shifter drcurt can 
operate, in order to suppress unwanted radiation to an 
extent where rt does not become a protrfem. This is also 
necessary in order to reduce power consumption. 
[0153] The voltage amplrtude level of the clod^ sig- ' 



nal input to the first level shifter drcurt is increased 
(nr^ade higher voltage) by the first level shifter drcurt. 
from 5 V to 12 V. and the resurt is input to the shift reg- 
ister drcurt. 

[01 54] The vortage anplrtude level of the dock sig- 
nal input to the shift register circuit Is required to be a 
voltage amplrtude level that Is within the range in which 
the shift register circurt can operate. The vortage ampli- 
tude level is Increased to 12 V in En^xxiiment 5. but the 
voltage amplitude level is not limrted to this number for 
the present invention. A necessary condrtion is that the 
voltage amplrtude level of the clock signal input to the 
shift register cirojrt be within the range in which the shift 
register circuit can operate. Further, the level shifter dr- 
curt may be used for signals other than just the clock 
signal, such as a start pulse signal. 
[01 55] The 12V vortage amplrtude level dock signal 
output from the first level shifter drcurt is input to the 
shift register circuit- Tlie shift register drcurt operates 
based on the dock signal input to the shift register dr- 
cuit, and in accordance wrth the start pulse signal Input 
to the shift register drcurt at the same time, and creates 
a selection signal in order to reliably operate all pixel 
TFTs connected to gate signal lines. The created selec- 
tion signal is Input to a second level shifter circurt. 
[0156] The voltage amplrtude level of the selection 
signal input to the second level shrtter circurt is 
Increased by the second level shifter drcurt. rt Is neces- 
sary for the selection signal to be Increased to a vortage 
amplrtude level required to reliably operate all the pixel 
TFTs. The selection signal input to the second level 
shifter drcurt at 12 V is Increased to 25 V, the 25 V 
selection signal is Input to the gate signal lines, and the 
pixel TFTs operate to supply an image signal to liquid 
crystals. The image is therefore displayed in the liquid 
crystal display. 

[0157] Thus, by an-anging level shifter circurts both 
before and after the shrtt register circurt with the present 
Invention, a clock signal wrth a vortage amplitude level 
low enough to cause no damage to the shift register cir- 
cuit TFT from punch through or hot electrons due to the 
short channel effect, and yet high enough that a TFT 
wrth a manufacturable channel length will operate, can 
be Input to the shift register circurt. As a result, the shift 
register circurt can fc>e operated at higher speed, and 
pcw& consumption can be suppressed. Further, even rt 
the vortage anplrtude level of the clock signal input from 
external to the gate signal line side driving drcurt is 
reduced as much as possible within the range in which 
the level shifter circurt can operate, high-speed opera- 
tion of the shrft register drcurt is possible, so power con- 
sumption and unwanted radiation can be suppressed to 
an extent that they do not become problems. An exam- 
ple of the present invention applied to a gate signal line 
side driving circurt is explained in Embodiment 5. but tiie 
present invention is not limited to the preferred emtxxJi- 
ment of Embodiment 5. 
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[Embodiment 6] 

[0158] The present invention may be applied to 
txrth a source signal line side driving circuit and a gate 
signal line side driving circuit In this case, the source 
signal line side driving circuit and the gate signal line 
side driving circuit each use a first and a second level 
shifter circuit. For example, a combination of the above 
embodiments may be made. 

[Embodiment 7] 

[01 59] A manufacturing process of the active matrix 
type liquid crystal display device of the above Embodi- 
ments 1 to 6 is explained in EmtKXiiment 7. 
[0160] This embodiment describes with reference 
to Rgs. 12A to 15C an exanple in wWch a plurality of 
top gale type TFTs are formed on a substrate having an 
ir^ulating surface, and in which a pixel region circuit and 
an operation circuit that includes a level shifter circuit 
and a shift register drcuit are monolrthicaily formed. 
Note that a CMOS circuit that is a basic circuit is shown 
as an example of a driving cirojit such as a logic circuit, 
in Embodiment 7. Note also that, although the manufac- 
turing process of a CMOS circuit configured with a p- 
channel type TFT and an n-channel type TFT each hav- 
ing one gate electrode is explained in Emkxxjiment 7, a 
multiple gate electrode CMOS circuit such as a double 
gate CMOS circuit can also be manufactured in the 
same way. 

[0161] Please refer to Fig. 12A. Rrst a glass sul>- 
strate 601 is prepared as a substrate having an insulat- 
ing surface. A quartz substrate or a thermally oxidized 
film silicon substrate may be substituted for the glass 
substrate. In addition, a method may be used by which 
an amorphous silicon film is formed on a quartz sub- 
strate, and is thai completely oxidized by heat into an 
ireulating film. Further, a quartz substrate, a ceramic 
substrate, or a silicon substrate, each with a silicon 
nitride film as the insulating film, may be used. In 
Embodiment 7 a t>ase film comprising silicon oxide 602 
is formed on the glass substrate 601 to have a thickness 
of 200 nm. The base film may be a laminated film of sil- 
icon nitride films, or a silicon nitride film only. 
[0162] Reference numeral 603 denotes an amor- 
phous silicon film, and adjustment is made so that its 
final film thickness (the film thickness determined by 
considering film reduction after thermal oxidation) is 
from 1 0 to 75 nm (desirable from 1 5 to 45 nm). Note that 
it is important to thoroughly control the concentration of 
impurities throughout the film when d^x>siting the film. 
[0163] The concentrations of all typical impurities 
such as C (cartx>n), N (nitrogen). O (oxygen), and 8 
(sulphur) are controlled to be less than 5 x lO""® 
atoms/cm^ (desirable 1 x 10^® atoms/cm^ or less) 
throughout the amorphous silicon film 603 in the case of 
EmlxxJiment 7. If any of the impurities exists at a higher 
concentration, this will have a bad influence during crys- 



tallization, and will become a cause of reduced film 
quality after crystallization. 

[0164] Note that the concentration of hydrogen 
throughout the amorphoi^ silicon film 603 is also a very 

5 innportant parameter, and that by reducing the hydrogen 
content, a film with better aystallinity can be obtained. 
Tha-efore it is desirable to use low pressure thermal 
CVD to deposit the amorphoi^ silicon film 603. Note 
that by optimizing the fflm deposition cOTditions. it is 

10 also possible to use plasma CVD. 

[0165] Next, a crystallization process is performed 
on the amorphous silicon film 603. The technique of 
Japanese Patent Application Laid-open Na Hei 7- 
130652 may be used as the crystallization means. The 

IS means in either Embodiment 1 or Embodiment 2 of the 
above patent application may be used, and it is desira- 
ble that the technique contents described in Embodi- 
ment 2 of the above patent application (details in 
Japanese Patent Application Laid-open No. Hei 8- 

20 78329) be used here for Embodiment 7. 

[0166] First a mask insulating film 604. which 
selects catalytic element doping regions, is formed 
according to the technique of Japanese Patent Applica- 
tion Laid-open No. Hei 8-78329. The mask insulating 

25 film 604 has openings in several locations in order to 
dope the catalytic element The location of the crystal- 
line regions can be determined by the locations of the 
openings. 

[0167] A solution containing nickel (Ni) as tiie cata- 
30 lytic element to promote crystallization of the amor- 
phous silicon film 603 is then applied by spin coating, 
forming a Ni containing layer 605. Note that other than 
nickel, cobalt (Co), iron (Fe), palladium (Pd), platinum 
(R). copper (Cu), and gold (Au), etc.. can be used as 
35 the catalytic element. (See Fig. 12B.) 

[0168] In addition, ion implantation and plasma 
doping employing a resist mask can be used for the 
above catalytic element doping process. In this case it is 
easy to reduce the area occupied by the doping region. 
40 and to control growtii distance in a lateral growth region, 
so this is an effective technique when constructing a 
scaled down circuit 

[01 69] Next, after dehydrogenation at 450**C for one 
hour after the catalytic element doping process is com- 

45 pleted, a 4 to 24 hour heat treatment at between 500 
and 700°C (typically from 550 to 650**C) in an inert, 
hydrogen or oxygen atmosphere is carried out to crys- 
tallize the anrrarphous silicon film 603. The heat treat- 
ment is performed at 570**C for 14 hours in a nitrogen 

50 atmosphere in Errdjodiment 7. 

[0170] At this point the crystallization of the amor- 
phous silicon film 603 advances preferentially from 
nickel doped regions 606, or from seeds generated in 
tiie nickel doped regions 606, forming crystalline 

55 regions 607 which have grown almost parallel to the 
substrate surface of the glass substrate 601 . The crys- 
talline regions 607 are called lateral growth regions. 
Individual crystals are gathered in a relatively aligned 
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state in the lateral grcfwth regions, so there is an advan- 
tage in that the overall crystallinity is superior. (See Fig. 
12C.) 

[0171] Note that regions that can microscopically 
be called lateral growth regions are formed by use off the s 
technique descrtoed in Embodiment 1 of the above 
stated Japanese Patent Application Laid-open Na Hei 
7-130552. However, seed generation occurs non-uni- 
formly inside the surface, so the technique can be criti- 
cized from the point of controllability of the grain io 
boundaries. 

[0172] Phosphorous is next doped in this state in 
order to remove the nickel throughout the film. Phos- 
phorous is only doped into the nickel doped region 606 
by doing so. These regions are denoted as phospho- is 
rous doped regions 608. At this point the doping accel- 
eration voltage and the thickness of the mask insulating 
film 604 made of an oxidized film are optimized so that 
phosphorous does not substantially penetrate the mask 
insulating film 604. (See Fig. 1 2D.) 20 
[0173] A phosphorous dose in a range from 1 x 
10^"^ to 1 X 10^^ ions/cm^ is desirable. In Embodiment 7 
a dose of 5 x 10*"* ions/cm'^ is doped using an Ion dop- 
ing apparatus. 

[0174] Note that the acceleration voltage is 10 kV 25 
when ion doping. Almost no phosphorous can pass 
though a 1 000 A insulating film mask if the acceleration 
voltage islOkV. 

[0175] Rg. 1 2E is refen-ed to next. Themial anneal- 
ing In a nitrogen atmosphere at 600**C for between 1 so 
and 12 hours (for 12 hours in Embodiment 7) is then 
perfomied, gettering the nickel element. Annealing 
causes the nickel to be drawn to the phosphorous. At a 
temperature of 600**C, phosphorous atones have almost 
no motion in the film, but nickel atoms can move a dis- 35 
tance of several hundred micrometers or more. Thus it 
can be understood that phosphorous is one of the most 
suitable elements for the gettering of nickel. 
[0176] The mask ireulating film 604 is removed and 
patterning is performed after completion of a heal treat- 40 
ment for crystallization, forming island shaped semicon- 
ductor layers (active layers) 609. 610, and 61 1 from the 
lateral growth regions 607. (See Rg. 13A.) 
[0177] Reference numeral 609 denotes an active 
layer of an n-type TFT which constitutes the CMOS dr- 45 
cuit. 610 denotes an active layer of a p-type TFT which 
constitutes the CMOS circuit, and 611 denotes an 
active layer of an n-type TFT (pixel TFT) that constitutes 
the pixel region. 

[0178] After forming the active layers 609. 610. and so 
61 1 , a gate insulating film 612 made from an insulating 
film containing silicon is deposited on top. 
[01 79] Next, a metallic film, containing aluminum as 
its major constituent element and not shown in the fig- 
ures, is deposited, forming the base shape of a later ss 
gate electrodes by patterning. An aluminum film con- 
taining 2 wt% scandium is used in Embodiment 7. 
[0180] Next, porous anodic oxidation films 613 to 



620, non-porous anodic oxidation films 621 to 624. and 
gate electrodes 625 to 628 are formed in accordance 
with the t«:hnique of Japanese Patent Application Laid- 
open No. Hei 7-135318. (See Rg. 13B.) 
[0181] After obtaining the state in Rg. 13B. the gate 
electrodes 625 to 628 and the porous anodic oxidation 
ftlrrre 613 to 620 are used as masks, and the gate insu- 
lating film 612 is etched. Then the porous anodic oxida- 
tion films 613 to 620 are removed, and the state of Rg. 
13C is obtained. Note that reference numerals 629 to 
632 shown in Rg. 13C denote the gate insulating films 
after processing. 

[01 82] Please refer to Rg. 1 4 A. A doping process is 
performed with an impurity element that imparts con- 
ductivity. Phosphorous (P) or arsenic (As) may be used 
as the impurity element for a n-channel type TFT, and 
boron (B) or gallium (Ga) may be used for a p-diannel 
type TFT. The impurity doping processes for forming the 
n-channel type TFT and the p-channel type TFT are 
divkled into two stages in En^xxliment 7, and then car- 
ried out. 

[0183] Impurity doping to form the n-channel type 
TFT is initially performed. The first impurity doping 
(phosphorous Is used in Embodiment 7) Is performed at 
a high acceleration voltage of approximately 80 keV. 
forming an n" region. The n' region \s regulated to have 
a P ion concentration from 1 x lO""^ to 1 x 10^® ions/cm^. 
[0184] The second impurity doping process is then 
performed at a low acceleration voltage of approxi- 
mately 10 keV, forming an n* region. At this point the 
acceleration voltage Is low. so the gate Insulating film 
functions as a mask. Further, the doping process is reg- 
ulated so that the n"*" region has a sheet resistance of 
500 a or less (300 O or less desirable). 
[0185] Thus, through the above processes, source 
region 633. drain region 634. low concentration impurity 
regions (LDD regions) 637, and channel forming region 
640 are formed for the n-channel type TFT which consti- 
tutes the CMOS circuit In addition, source region 635. 
drain region 636. low concentration impurity regions 
(LDD regions) 638 and 639, and channel forming 
regions 641 and 642 are determined for the n-channel 
type TFT which constitutes the pixel TFT. (See Fig. 
14A.) 

[0186] Note that in the state shown in Fig. 14A, the 
active layer of the p-channel type TFT, which constitutes 
the CMOS circuit, and the active layer of the n-channel 
type TFT have the same composition. 
[0187] Next, as shown in Rg. 14B. a resist masks 
643 are formed, covering the n-channel type TFTs, and 
a doping process is performed with an innpurity ion that 
imparts p-type conductivity (boron is used in Embodi- 
ment 7). 

[0188] This process is also divided into two steps, 
the same as the at>ove inrpurity doping process. How- 
ever, it is necessary to invert the n-channel type con- 
ductivity to p-channel type, so B (boron) ion is doped to 
a concentration several times the P ion doping concen- 
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tration. 

[0189] Thus, source region 644, drain region 645, 
low concentration impurity regions (LDD regions) 646. 
and channel forming region 647 are formed for the p- 
channel type TFT which constitutes the CMOS circuit 
(See Rg. 14B.) 

[0190] The gate electrodes are formed using an 
aluminum film containing 2 wt% of scandium in Embod- 
iment 7, but the gate electrodes may also be formed 
using a polycrystalline silicon film. !n this case the LDD 
regions are formed using sidewalls of Si02, SiN, etc. 
[0191] Activation of the impurity ions is next per- 
formed with a combination of furnace annealing, laser 
annealing, and lamp annealing. At the same time, any 
damage received by the active layers during the doping 
process is restored. 

[0192] Please refer to Fig. 14C. Next a laminate 
film from a silicon oxide film and a silicon nitride film is 
formed as a first interlayer insulating film 648. After 
forrrting contact holes, source electrodes 649 to 651, 
and drain electrodes 652 and 653 are formed, obtaining 
the state shown in Fig. 14C. Note that an organic resin 
film can be used as the first interlayer insulating film 
648. 

[0193] After obtaining the state shown in Rg. 1 4C, a 
secord interlayer insulating film 654 is formed from an 
organic resin film to a thickness of between 0.5 and 3 
|im. (See Rg. 15A.) Polyimide. acrylic, polyimide amide, 
etc.. can be used as the organic resin f Bm. The following 
can be given as the advantages of an organic resin film: 
simple film d^sition; easily thickened fflm thidaiess; 
ability to reduce parasitic capacitance because the rela- 
tive dielectric constant is low; and superior evenness. 
Note tiiat organic resin films other than those listed 
above can be used. 

[0194] A portion of the second interlayer insulating 
film 654 is removed next, and a black matrix 655 is 
formed from a film having light shielding characteristics. 
In Embodiment 7 titanium is used for the black matrix 
655, and a storage capacitor 658 is formed between the 
pixel TFT drain electrode 653 and the black matrix 655. 
A resin film, etc., with a black colored pigment can also 
be used as the black matrix 655. 
[0195] Next, a third interlayer insulating film 656 is 
formed from an organic resin film to a tiiickness of 
between 0.5 and 3 \im, Polyimide, acrylic, polyimide 
amide, etc.. can be used as the organic resin film. Note 
that organic resin films otiier than those fisted above 
can be used. 

[0196] A contact hole is tiien formed in tiie second 
interlayer insulating film 654 and in the tiiird interlayer 
insulating film 656, and a transparent pixel electrode 
657 is formed to a thickness of 120 nm. Note that 
Embodiment 7 is an example of a transmission type 
active matrix type liquid crystal display device, so a 
transparent conductive film such as ITO is used as the 
conductive film that comprises tiie transparent pixel 
electrode 657. 



[0197] The entire substrate is next heated in a 
hydrogen atmosphere at 350**C for between 1 and 2 
hours. By performing hydrogenation of all elements, 
dangling bonds (unpaired bonds) throughout the filnrs 
5 (especially throughout the active layers) are compen- 
sated for. Thus a CMOS circuit and a pixel region can be 
n^ufactured on tiie same substrate by the above proc- 
esses. 

[01 98] The manufacture of an active matrix type liq- 
10 uid crystal display device based on the active matrix 
substrate manufactured by the above processes is 
explained next 

[0199] An orientation film 659 is formed on the 
active matrix substrate in the state of Rg. 15B. In 

15 EntKXliment 7 polyimide is used for the orientation film 
659. Next an opposing substrate is prepared. The 
opposing substrate Is formed by a glass sutjstrate 660, 
an opposing electrode 661 , and an orientation film 662. 
[0200] Note that a polyimide film is used for tiie ori- 

20 entation film 662 in Embodiment 7. and that a rubbing 
process is performed after the orientation films are 
formed. Also note that a polyimide with a relatively small 
pre-tilt angle is used in Embodiment 7. 
[0201] The active matrix substrate, formed by the 

25 above processes, and tiie opposing sut>strate are joined 
togetiier using a sealant material, spacer, etc., (not 
shown) by a known cell construction process. After- 
ward, a liquid crystal 663 is injected between tiie sub- 
strates, and then completely sealed with an end-sealing 

30 material (not shown in the figures). A nematic liquid 
crystal is used as the liquid crystal 663 in Embodiment 
7. 

[0202] Thus tiie transmission type active matrix 
type liquid crystal display device as shown in Fig. 15C is 
35 completed. 

[Embodiment 8] 

[0203] A manufacturing process, differing from 
40 Embodiment 7. for tiie active matrix type liquid aystal 
display device of tiie above Embodiments 1 to 6 is 
explained in Embodiment 8. 

[0204] Please refer to Figs. 25A to 25E. First a 200 
nm tiiick silicon oxide film 5002 is formed on a glass 
45 substrate 5001 as a base film. The base film may also 
be a silicon nitride film, or a laminate of a silicon oxide 
fflm and a silicon nitride film. 

[0205] Next a 30 nm thick amorphous silicon film 
(non-crystalline silicon film) is formed on the silicon 
50 oxide film 5002 by plasma CVD. After dehydrogenation 
processing, excimer laser annealing is performed, form- 
ing a polysilicon film (crystalline silicon film or polycrys- 
talline silicon fflm). 

[0206] A known laser crystallization technique or 
55 thermal crystallization technique may be used for the 
crystallization process. In EiTdx)diment 8 a pulse oscil- 
lation type KrF excimer laser is processed into a linear 
shape and crystallization of the amorphous silicon film 
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is performed. 

[0207] Note that although a polysilicon film is 
obtainaJ by crystallizing the initial fflm. an amorphous 
silicon film, by laser annealing in Enrtbodiment 8, but a 
rrricrocrystalline silicon film may be used as the initial 
film, or a polysilicon fflm may be directly deposited. Of 
course, laser annealing may also be performed on a 
directly deposited polyalicon film. Further, furnace 
annealing may be substituted for laser annealing. 
[0208] The crystalline silicon film thus formed is 
then patterned, forming active layers 5003 and 5004 
from island shaped silicon layers. 
[0^9] A gate insulating film 5005 is formed next 
from a silicon oxide film, covering the active layers 5003 
and 5004. and gate wirings (including gate electrodes) 
5008 and 5007 having a laminate structure of tantalum 
and tantalum nitride are formed on top. (See Rg. 25A.) 
[0210] The gate insulating film 5005 film has a 
thickness of 100 nm. Of course, in addition to a silicon 
oxide film, a silicon oxynitride f ilm and a laminate struc- 
ture of a silicon oxide film and a silicon nitride film may 
be used. Further, other metals can be used for the gate 
wirings 5006 and 5007. However, considering later 
processing, it is desirable to use a material with a high 
etching selective ratio with respect to silicon. 
[0211] After thus obtaining the state off Fig. 25A. a 
first phosphorous doping process is performed. Doping 
is performed here through the gate insulating film 5005. 
so the acceleration voltage is set high to 80 KeV. In 
addition, the dose is regulated so that the length (width) 
of first inrparity regions 5008 and 5009 formed here is 
0.5 pjn. with a phosphorous concentration of 1 x lO"*^ 
atoms/cm^. The phosphorous concentration at this 
point is denoted as n-. Note that arsenic may be used as 
a substitute for phosphorous. 

[0212] In ackfition, the first impurity regior^ 5008 
and 5009 are formed in a self aligning manner using the 
gate wirings 5006 and 5007 as masks. An intrinsic crys- 
talline silicon layer remains under the gate wirings 5006 
and 5007 at this point, forming channel forming regions 
501 0 and 501 1 . However, in practice there is also a por- 
tion of the dopant that rounds to reach under the gate 
wirings 5005 and 5007. so the gate wirings 5006 and 
5007, and the first impurity regions 5008 and 5009 have 
an overiap structure. (See Rg. 25 B.) 
[021 3] Next an amorphous silicon layer with a thick- 
ness of between 0.1 and 1 ]im (typically 0.2 to 0.3 p-m) 
is formed, covering the gate wirings 5006 and 5007. and 
sidewalls 5012 and 5013 are formed by anisotropic 
etching. The width of the sidevyalls 5012 and 5013 (the 
thickness as seen from the inside wall of the gate wir- 
ing) is 0.2 ]Lm. (See Rg. 25C.) 

[021 4] Note that an amorphous silicon layer with no 
doped inpurities is used in Embodiment 8. so sidewalls 
of an intrinsic silicon layer are formed. 
[0215] After obtaining the state of Fig. 25C. a sec- 
ond phosphorous doping process is performed. The 
acceleration voltage is set to 80 KeV in this case as well. 



the same as for the first doping process. Further, the 
dose is regulated so that a phosphorous concentration 
of 1 X 10^® atonre/cm^ is included in second impurity 
regions 5014 and 5015 formed here. The phosphorous 

5 concentration at this point is denoted as n. 

[021 6] Note that the first impurity regions 5008 and 
5009 remain only under the sidewalls 5012 and 5013 
with the doping process shown in Rg. 25D, The first 
impurity regions 5008 and 5009 function as 1st LDD 

10 regions. 

[0217] Phosphorous is also doped into the side- 
walls 5012 and 5013 in the process of Rg. 25D. Actu- 
ally, the acceleration voltage is high, so phosphorous is 
distributed such that the tail of the concentration profile 

15 extends to the inside of the sidevA/af Is. The resistive com- 
ponent of the sidewalls can be regulated by th^ phos- 
phorous. However, if there is extreme dispersion in the 
phosphorous concentration distribution, the gate volt- 
age applied to the second impurity region 5014 cannot 

20 be stopped from fluctuating for each of the elements, so 
precise control is necessary at the time of doping. 
[0218] Next, resist masks 5016. covering a portion 
of the NTFT, and 5017. covering the entire PTFT. are 
formed. Then the gate insulating fflm 5005 is dry etched 

25 in this state, forming a processed gate insulating film 
5018. (See Rg. 25E.) 

[0219] At this point the length of the portion of the 
gate insulating film 5018 which projects beyond the 
sidewall 5012 (the length of the portion of the gate insu- 

30 lating film 5018 which contacts tiie second impurity 
region 5014) determines the lengtii (width) of the sec- 
ond impurity region 5014. Therefore, it is necessary to 
perform mask alignment of the resist mask 5016 with 
good precision. 

35 [0220] A third phosphorous doping process is per- 
fonmed after obtaining the state of Fig. 25E. The accel- 
eration voltage is set low to 10 KeV because this time 
tiie exposed active layer is to be doped with phospho- 
rous. Note tiiat tiie dose is regulated so that a phospho- 

40 rous concentration of 5 x 1 0^ atoms/cm^ is included in 
a third impurity region 5019 formed here. The phospho- 
rous concentration at this point is denoted by n+. (See 
Rg. 26A.) 

[0221] Phosphorous is not doped into tiie areas 
45 shielded by the resist masks 501 6 and 501 7. so the sec- 
ond impurity regions 5014 and 5015 remain as is in 
tiiose areas. The second impurity region 5014 is there- 
fore defined, and at the same time the third impurity 
region 5019 is defined. 
50 [0222] The second impurity region 5014 functions 
as a 2nd LDD region, and the third impurity region 5019 
functions as a source region or a drain region. 
[0223] The resist masks 5016 and 5017 are 
removed next, and a resist mask 5021 is newly formed, 
55 covering the entire NTFT. Then the sidewall 501 3 of tiie 
PTFT is first removed, and the gate insulating film 5005 
is dry etched, forming a gate insulating film 5022 witii 
the same shape as the gate wiring 5007. (See Rg. 
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26B.) 

[0224] A boron doping process is performed after 
obtaining the state of Rg. 268. The acceleration voltage 
Is set to 10 KeV, and the dose is regulated so that a 
boron concentration of 3 x 10^ aton^cm^ is included 
in a fourth impurity region 5023 formed here. The boron 
concentration at this point is denoted by pn-i-. (See Fig. 
26C) 

[0225] Boron is doped rounding to reach under the 
gate wiring 5007 at this time, so the channel forming 
re^on 5011 is formed on the inside of the gate wiring 
5007. Further, the first inpurity region 5009 and the 
second impurity region 5015 formed on the PTFT side 
are inverted to p-type by boron in this process. There- 
fore, in practice the resistance value of the portions that 
are originally the first Impurity regions and the second 
impurity regions change, but this does not become a 
problem by doping boron at a sufficiently high concen- 
tration. 

[0^6] Thus the fourth impurity region 5023 is 
defined. The fourth impurity region 5023 is formed com- 
pletely in a self-aligning manner using the gate wiring 
5007 as a mask, and functions as a source region or a 
drain region. An LDD region and an offset region are not 
formed for the PTFT in Embodiment 8. but this will not 
become a problem because PTFTs have high reliability 
from the beginning. On the contrary, not forming an LDD 
region, etc.. can provide gains in the on cun-ent, so 
there are cases where this is advantageous. 
[0227] Thus a channel forming region, first impurity 
regions, second impurity regions, and third impurity 
regions in the NTFT active layer, and a channd forming 
region and a fourth Impurity region in the PTFT active 
layer, are finally formed as shown in Rg. 26C. 
[0228] A first interlayer insulating film 5024 is 
formed to a thickness of 1 \im after obtaining the state of 
Rg. 26C. A silicon oxide film, a silicon nitride film, a sili- 
con Qxynitridefilm, an organic resin film, or a laminate of 
any of these films can be used as the first interiayer 
insulating film 5024. An aa-ylic resin f flm is employed in 
Embodiment 8. 

[0229] Source wiring 5025 and 5026, and a drain 
wiring 5027 are formed from a metallic nr^terial after 
forming the first interiayer insulating film 5024. A three 
layer wiring structure of a titanium-containing aluminum 
film, sandwiched between titanium, is used in Embodi- 
ment 8. 

[0230] In addition, by using a BCB (benzocy- 
clobutene) resin film as the first interiayer Insulating film, 
the evenness is high, and at the same time it is possit^e 
to use copper as the wiring material. Copper has a low 
wiring resistance, so it is extremely effective as a wiring 
material. 

[0231] A silicon nitride film 5028 with a thickness of 
50 nm is formed as a passivation film after the source 
wirings and drain wiring are formed. A second Interiayer 
insulating film 5029 is further formed on top as a pro- 
tecting film. It is possible to use the same materials for 



the second Interiayer insulating film 5029 as thc^e that 
can be i^ed for the first interiayer insulating film 5024. A 
laminate structure of a 50 nm thick silicon oxide film and 
an acrylic rean film formed thereon is employed in 

5 Embodiment 8. 

[0232] A CMOS circuit with a structure as shown in 
Rg. 26D Is thus completed through the above proc- 
esses. The NTFT has superior reliability in the CMOS 
circuit formed in accordance with Embodiment 8, so the 

10 reliability of the entire circuit is greatly raised. Further- 
more, the NTFT and PTFT characteristic balance (the 
balance of electrical characteristics) is superior with a 
structure in accordance with Embodiment 8. 
[0233] Note that a pixel TFT can be similarty com- 

15 prised of the NTFT. 

[0234] A contact hole is opened to form a pixel elec- 
trode connected to the pixel TFT drain electrode after 
obtaining the state of Rg. 26D. Then a third interiayer 
f flm is formed, and an orientation film is formed. In addi- 

20 tion. a black matrix may be formed if necessary. 

[0235] Next, an opposing substrate is prepared. 
The opposing substrate is structured by a glass sub- 
strate, an opposing electrode from a transparent con- 
ductive film, and an orientation film. 

25 [0236] Note that a polyimide film is used for the ori- 
entation film in Embodiment 8. and that a rubbing proc- 
ess Is performed after forming the orientation film. Note 
also that a polyimide which possesses a relatively large 
pre-tilt angle is used for tiie orientation film in Ennbodi- 

30 ment 8. 

[0237] Next a known cell construction process is 
used to join together the active matrix substrate formed 
by tiie above processes and the owx)Sing substrate, by 
using a sealant material, spacers, etc. Aftenward. a liq- 
35 uid crystal is injected into the space between the two 
substrates, which is then completely sealed by an end- 
sealing material. A nematic liquid crystal is used in 
Embodiment 8. 

[0238] Thus tiie transmission type active matrix 
40 type liquid crystal display device is completed. 

[EmbodimwTt 9] 

[0239] An example in which the crystalline semi- 
45 conductor film, which serves as the active layer in 
Embodiments 7 and 8, is formed by a tiiermal aystalli- 
zation metiiod using a catalytic element, is shown in 
En^xxJiment 9. It is desirable to use the techniques 
described in Japanese Patent Application Laid-open 
50 No. Hei 7-130652 and Japanese Patent Application 
Laid-open No. Hei 8-78329. by the applicant of tine 
present invention, when using a catalytic element. 
[0240] An example of the case where the technique 
described in Japanese Patent Application Laid-open 
55 No. Hei 8-78329 is applied to the present invention is 
shown in Figs. 27A and 27B. First, a silicon oxide film 
6002 is formed on a silicon substrate 6001 by thermal 
oxidation, and an amorphous silicon film 6003 is formed 
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on top of that Further, a nickel acetate salt solution, 
containing 10 ppm nid^el by weight, is applied, fonming 
a nickel containing layer 6004. (See Rg. 27 A.) 
[0241] After a dehydrogenation process at 500*C 
for one hour, a heat treatment is next performed at 500 
to 650**C for between 4 and 12 hours (at 550*»C for 8 
hours in Embodiment 9). forming a polysilicon film 6005. 
The polysilicon film 6005 thus obtained has superior 
crystalllnity. (See Fig. 27B.) 

[0242] Aftenward the polysilicon film 6005 is pat- 
tOTed into an active layer, and a TFT is manufactured 
through the same processes as those in Emtxxiiments 
7 and 8. 

[0243] Note that in addition to nickel (Ni), in the 
above two techniques elements such as germanium 
(Ge), iron (Fe). palladium (Pd). tin (Sn). lead (Pb), 
cobalt (Co), platinum (Pt). copper (Cu), and gold (Au) 
may be used. 

[EntKxliment 10] 

[0244] Another example of a manufacturing method 
for the active matrix type liquid crystal display device of 
Embodiment 8 is explained in Embodiment 10. 
[0245] Please refer to Figs. 28A to 28E. and to Figs. 
29A and 29B. Rrst, a non-alkaline glass substrate, typi- 
cally a Corning 1737 glass substi-ate, is used as a sut>- 
strate 7001. Then a base film 7002 conprising silicon 
oxide with a thickness of 200 nm is formed on the sur- 
face of the substrate 7001 on which a TFT will be 
formed. The base film 7002 may also be a laminate of 
silicon oxide filnr^, or may be a single silicon oxide film. 
[0246] Next, a 50 nm thidc amorphous silicon film is 
formed by plasma CVD on ttie base film 7002. Dehydro- 
genation is desirably performed by heating at between 
400 and SOO^'C, arthough this depends on the hydrogen 
content in the amorphous silicon film. The hydrogen 
content in the amorphous silicon film is reduced to 5 
atm% or lower, and a crystallization process is per- 
formed to form a crystalline silicon film. 
[0247] A known laser crystallization technique or 
thermal crystallization technique may be used for this 
crystallization process. In Embodiment 10. pulse oscil- 
lation type KrF exdmer laser beams are gatiiered into a 
linear shape and irradiated on the amorphous silicon 
film, fomiing the crystalline silicon film. Note tiiat tiie ini- 
tial film used in Embodiment 10 is an amorphous silicon 
film, which is crystallized by laser annealing to obtain a 
polysilicon film, but a microcrystalline silicon film or a 
directly deposited polysilicon film may also be used. 
The deposited polysilicon fam may of course be sub- 
jected to laser annealing. Further, furnace annealing 
may be substituted for laser annealing. In addition, the 
method explained above in Embodiment 9 may be 
used. 

[0248] The crystalline silicon film thus formed is 
then patterned, forming island shaped semiconductor 
layers 7003. 7004, and 7005. 



[0249] Next a gate insulating fOm 7006 containing 
silicon oxide or silicon oxide as its major constituent is 
formed, covering the semiconductor layers 7003, 7004. 
and 7005. A 100 nm thid^ silicon oxynitride film is 

5 formed by plasma CVD h&e. Then, although not 
explained in Rgs. 28A to 28E, a 10 to 200 nm thick (for 
example, 50 nm) tantalum (Ta) film is formed as a first 
conductive layer, and additionally a 100 to 1000 nm 
tiiick (for example, 200 nm) aluminum (Al) film is formed 

10 as a second conductive layer, both by sputtering. The 
first conductive layer and the second conductive layer 
constitute first gate electrodes on the surface of the gate 
insulating film 7006. Then first corKluctive films 7007 to 

7010 and second conductive films 7012 to 7015. which 
15 constitute the first gate electrodes, are formed by using 

a known patterning technique. 

[0250] When using aluminum for the second con- 
ductive layers which constitute the fir^ gate electrodes, 
pure aluminum may be used, and aluminum alloys with 

20 an element chosen from titanium, silicon, and scan- 
dium, doped at between 0.1 and 5 atni% may also be 
used. In addition, although not shown in the figure, 
when using copper it is desirable to form a silicon nitride 
film on the surface of the gate insulating film 7006. 

25 [0251] Further. Rgs. 28A to 28E shows the sti^uc- 
ture in which a supplemental capacitor region is formed 
on the drain side of the n-channel TFT, which consti- 
tutes the pixel region. At tiiis time wiring elecb-odes 

7011 and 7016 on the supplemental capacitor region 
30 are formed from the same material as that of the first 

gate electrodes. 

[0252] After thus forming the structure shown in Rg. 
28A. a first n-type impurity doping process is performed. 
Phosphorous (P), arsenic (As), antimony (Sb), etc.. are 

35 known as impurity elements that impart n-type to a crys- 
talline semiconductor material, and phosphorous is 
used here in an ion doping process which uses phos- 
phine (PH3). The acceleration voltage is set as high as 
80 KeV for ttiis process in order to dope phosphorous 

40 through the gate insulating film 7006, into the semicon- 
ductor layer thereunder. Further, the impurity region 
thus formed will, as will be shown later, form first impu- 
rity regions 7034. 7042. and 7046 on the n-channel type 
TFT. and functions as an LDD region. Therefore it is 

45 desirable that the phosphorous concentration in this 
region be in the range of 1 x 10^® to 1x10^® atoms/cm^, 
and it is 1 X lO""® atoms/cm^ here. 
[0253] It is necessary to activate the impurity ele- 
ment doped throughout tiie semiconductor layer by 

50 laser annealing or heat treatinent. This process may be 
performed after the impurity doping process that forms 
the source region and the drain region, but it is effective 
to activate by laser annealing at this stage. 
[0254] The f irst conductive layers 7007 to 701 0. tiie 

55 second conductive layers 7012 to 7015, which consti- 
tute the first gate electrode, and wiring electrodes 701 1 
ard 7016 function as masks against tine phosphorous 
doping process. As a result, no or littie phosphorous is 
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doped into the region directly under the first gate elec- 
trode of the semiconductor layer, which exists through 
the gate insulating film. Low concentration impurity 
regions 7017 to 7023, into which phosphorous has been 
doped, are then formed as shown in Rg. 28B. 
[0255] Next, the regions where the n-channel type 
TFT is formed are covered with resist masks 7024 and 
7025» and a doping process is performed to impart p- 
type conductivity on only the region where the p-chan- 
nel type TFT is formed, by using the photoresist films as 
masks. Boron (B), aluminum (Al), and Gallium (Ga} are 
known as such p-type imparting impurity elements, and 
boron is doped as the impurity element here by using 
diborane (^He) in an ion doping process. The acceler- 
ation voltage is again set to 80 KeV here as boron is 
doped to a concentration of 2 x 10^° atoms/cm^. High 
concentration boron doped regions 7026 and 7027 are 
this formed as shown in Rg. 28C. These regions will 
later become the p-channel type TFT source and drain 
regions. 

[0256] After then removing the resist masks 7024 
and 7025, a process is performed to form the second 
gate electrodes. Tantalum (Ta) is used as the second 
gate electrode material here, and is formed to a thick- 
ness of between 100 and 1000 nm. for example. 200 
nm. Patterning is then performed using a known tech- 
nique, forming second gate electrodes 7028 to 7031. 
The second gate electrodes are patterned at this time to 
have a friickness of 5 jxm. As a result, the second gate 
electrodes are formed with a region that contacts the 
gate insulating film at each length of 1.5 M,m at both 
sides of the first gate electrodes. 
[0257] In addition, the supplemental capacitor 
region is formed on the drain side of the n-channel type 
TFT, which constitutes the pixel region, but the supple- 
mental capacitor electrode 7032 is formed at the same 
time as the second gate electrodes. 
[0258] A second n-type imparting impurity element 
doping process is then performed, using the second 
gate electrodes 7028 to 7031 and the supplemental 
capacitor electrode 7032 as masks. An ion doping proc- 
ess using phosphine (PH3) is also performed here. 
Phosphorous must pass through the gate insulating film 
7006 to be doped into tiie semiconductor layers under- 
neath, so the acceleration voltage is also set as high as 
80 KeV. The regions where phosphoroi^ is doped here 
function as source regions 7035 and 7043, and drain 
regions 7036 and 7047. on the n-channel type TFT, so it 
is desirable to have a phosphorous concentration from 
1x10^® to 1x10^** atoms/cm^. The concentration is 
1x10^ atoms/cm^ here. 

[0259] In addition, although not shown in the fig- 
ures, phosphorous may be doped directly by removing 
the gate insulating film which covers the source regions 
7035 and 7043, and tiie drain regions 7036 and 7047, 
thiB exposing the semiconductor layers in these 
regions. The acceleration voltage for ion doping can be 
reduced to 10 KeV if this process is added, and phos- 



phoroi^ can be doped with good efficiency. 
[0260] Further, phosphorous is doped to the same 
concentration also in a source region 7039 and a drain 
region 7040 on the p-channel type TFT. However, boron 

5 has been doped by tiie previous process to twice the 
concentration of phosphorous, so the conductivity type 
is not inverted, and there are no problerr^ related to the 
operation of the p-channel type TFT. 
[0261 ] It is necessary to perform an activation proc- 

10 ess because the inpurity elements doped at varioi^ 
concentrations to impart n-type or p-type conductivity 
are not active or effective in this state. Thermal anneal- 
ing using an electric furnace, laser annealing ising tiie 
above stated excimer laser, and rapid thernml annealing 

75 (RTA) using a halogen lannp can be used for this proc- 
ess. 

[0262] In thermal annealing, activation is made by 
heating at 550°C for 2 hours in a nitrogen environment. 
Aluminum is used for the second conductive layers 

20 which constitute the first gate el^odes in Enrtbodiment 
10. However, since the first conductive films and the 
second gate electrodes, formed from tantalum, are 
formed covering the aluminum, the tantalum functions 
as a blocking layer, and tiierefore aluminum can be pre- 

25 vented from diffusing into other regions. In laser anneal- 
ing, activation is made by irradiation of pulse oscillation 
type KrF excimer laser beams which are gathered into a 
linear shape. Further, an even better result can be 
obtained by performing thermal annealing after laser 

30 annealing. Also, this process also has annealing effect, 
inproving the crystallinity in regions of which crystallin- 
ity has t^een damaged by ion doping. 
[0263] The gate electrodes, which have the second 
gate electrodes covering the first gate electrodes, are 

35 thus formed by the at>ove processes, and the source 
region and tiie drain region are formed on both sides of 
the second gate electrode of the n-channel type TFT 
Furtiier. the structure is formed in a self-aligning man- 
n& in which the first impurity region, which is formed in 

40 the semiconductor layer through the gate insulating film, 
and the region where the second gate electrode con- 
tacts the gate insulating film, overlap with each other. 
The p-channel type TFT, on the other hand, has tfie 
source region and a portion of the drain region which 

45 are formed to overlap the second gate electrode, txjt 
this does not become a problem during actual use. 
[0264] A first interlayer insulating film 7049 is next 
formed to a thickness of 1000 nm after obtaining the 
state of Fig. 28D. A silicon oxide film, a silicon nitride 

50 fflm. a silicon oxynitride film, an organic resin film, or a 
laminate of any of these films can be i^ed as the first 
interlayer insulating film 7049. Arthough not shown in 
the figures, a two layer structure is used in Emtxxliment 
10, in which a 50 nm silicon nitride film is formed first. 

55 followed by a 950 nm thick silicon oxide film. 

[0265] The first interlayer insulating film 7049 is 
next patterned to form contact holes in each of the 
source regions and drain regions on the TFT. Then 
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source electrodes 7050, 70K, and 7053. and drain 
electrodes 7051 and 7054 are formed. Although not 
shown in the figures, in Embodiment 10 these elec- 
trodes are formed by patterning a three layer laminate 
structure of a 100 nm titanium film, a 300 nm titanium 5 
containing aluminum film, and a 150 nm titanium film, 
formed in succession by sputtering. 
[0266] The CMOS drcurt and the pixel region are 
formed on the sutjstrate 7001 . as shown in Fig. 28E. In 
addition, the supplemental capacitor region is formed at 10 
the same time on the drain side of the pixel region n- 
c^annel type TFT. Thus the active matrix sut^trate is 
manufactured as above. 

[0267] The manufacturing process of an active 
matrix type liquid crystal display device is next is 
explained using Rgs. 29A and 29B, bas^ on the 
CMOS circuit and the pixel region formed on the same 
substrate by the above processes. Rrst. the source 
electrodes 7050. 7052. and 7053. the drain electrodes 
7051 and 7054, and a passivation film 7055, which cov- 20 
ers the first interlayer insulating film 7045. are formed 
on substrate in the state of Rg. 28E. The passivation 
film 7055 is formed from a 50 nm thick silicon nitride 
film. In addition, a second interlayer insulating film 7056 
is formed from an organic resin to about a 1000 nm 2s 
thickness. Polyimide. acrylic, polyimide amide, etc.. can 
be used as the organic resin film. The advantages of 
using an organic resin film include a simple method of 
deposition, a lower parasitic capacity owing to a low die- 
lectric constant, arKl superior evenness. Note that 30 
organic resins other than those given at)Ove can be 
used. A thermal polymerization type polyimide is used 
here, so it is baked at SOO^'C after being applied to the 
substrate. 

[0268] Next, a light shielding layer 7057 Is formed 35 
on a portion of the second interlayer insulating film 
7056. The shielding layer 7057 may be formed from a 
metallic film or an organic resin film containing pig- 
ments. A titanium film is formed by sputtering here. 
[0269] A third interlayer insulating film 7058 is 40 
formed after forming the shielding film 7057. It is desira- 
ble to form the third interlayer insulating film 7058 by 
using an organic resin, similar to the second interlayer 
insulating film 7056. Then a contact hole that reaches 
the drain electrode 7054 is formed tfnrough the second 45 
interlayer Insulating film 7056 and the third interlayer 
insulating film 7058 to form a pixel electrode 7059. A 
transparent conductive film may be used for the pixel 
electrode 7059 in a transmission type liquid crystal dis- 
play device, while a metallic film may be used for the so 
case of a reflection type liquid crystal display device. A 
transmission type liquid crystal display device is used 
here, so an indium-tin oxide film (ITO film) is formed by 
sputtering to a tiiickness of 100 nm, forming the pixel 
electrode 7059. 55 
[0270] An orientation film 7060 is formed after 
obtaining the state of Rg. 29A. A polyimide resin is often 
used for the orientation film of a normal liquid crystal 



display element An op^sing electrode 7072 and an 
orientation film 7073 are formed on an opposing sul>- 
strate 7071 . After forming the orientation film, a rubbing 
process is performed to create a parallel orierrtation in 
which the liquid crystal molecules hold a fixed pre-tilt 
angle. 

[0271] After passing through the above processes, 
the substrate, on which the pixel region and CMOS cir- 
cuit have been formed, and the opposing substrate are 
joined together with a known cell construction process 
using a sealant material, spacers (both not shown in tiie 
figures), etc. Afterward a liquid crystal material (nematic 
liquid crystal) 7074 is injected into the space between 
the sut^sti'ates. which are then conrpletely sealed by an 
end-sealing material (not shown). Thus the active 
n^trix type liquid crystal display device of Rg. 29B is 
completed. 

[Embodiment 11] 

[0272] A nematic liquid crystal is used in Embodi- 
ments 1 to 10, but a ferroelectric liquid crystal may also 
be used. There are no limitations on tiie liquid aystal 
material in Embodiment 1 1 , Further, the driving circuit 
of the present invention can be used in a semiconductor 
display device which employs any type of liquid aystal 
material of which the optical parameters change in 
accordance with the voltage. 

[Emfc)odiment 12] 

[0273] A top gate type tiiin film transistor is 
explained in Embodiments 7 and 8. but a bottom gate 
type transistor may also be i^ed in the present inven- 
tion. 

[Errtbodiment 13] 

[0274] Si is used in the active layer of the TFT in 
Embodiments 7 and 8, but a semiconductor film con- 
taining Ge or SixGe-f.x may be used in tiie thin film tran- 
sistor which is used in the semiconductor display device 
of the present invention. 

[Embodiment 14] 

[0275] Embodiment 1 4 is an example of the present 
invention applied to a source signal line side driving cir- 
cuit of a digital drive type active matrix type liquid crystal 
display device. Fig. 30 is a block diagram of an example 
of tiie digital drive type source signal tine side driving 
circuit of Embodiment 14. 

[0276] A first level shifter circuit, a third level shifter 
circuit, a shift register circuit, a first latch circuit (latch 
circuit 1), a second latch circuit (latch circuit 2). a sec- 
ond level shrfter circuit, and a D/A converter circuit are 
formed in the order shown in Fig. 30 for the digital drive 
type source signal line side driving circuit of Embodi- 
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merrt 14. 

[0277] An example of a detailed clrcurt diagram of 
the digital drive type source signal line side driving cir- 
cuit of Rg. 30 is shown in Fig. 31 . The example here is 
an active natrix type liquid crystal display device for the 
case of a 4 bit digital drive system. 
[0278] A first level shifter circuit 31 00, a shift regis- 
ter circuit 3101, digital decoder address lines 3102a to 
3102d. first latch circuits (LAT1) 3103, second latch cir- 
cuits (UVT2) 3104. a latch pulse line 3105, D/A con- 
verter circuits 3106, gradation voltage lines 3107, 
source signal lines 3108. a second level shifter drcuit 
3109, and a third level shifter circuit 31 10 are arranged 
as shown in Fig. 31. Note that four latch circuits are 
grouped together and shown as the latch circuits 3103 
arrcl 3104 {LAT1 and LAT2) for convenience. In addition, 
for convenience's sake, a level shifter circuit that 
increases the voltage amplitude level of a dock signal. 
arKi a level shifter drcuit that increases the voltage 
amplitude le^^el of a start pulse signal are grouped 
together and shown as the first level shifter circuit 3100. 
[0279] A clock signal CLK Is Irput to the first level 
shifter drcuit 3100 from external to the source signal 
line side driving drcuit. The voltage annplitude level of 
the clock signal is as low as possible within the range in 
which the first level shifter drcuit 3100 can operate 
because of the demand to supFxess unwanted radiation 
to a level at which it does not become a problem. In 
addition, this is necessary in order to suppress power 
consumption. 

[0280] The dock signal input to the first level shifter 
drcuit 3100 is made higher in voltage and then output It 
is necessary that the voltage amplitude level of the clock 
signal at this time be increased to a voltage amplitude 
level at which the shift register circuit 3101 TFT is not 
damaged by punch through or hot electrons due to the 
short channel effect, and at which the TFT, with a man- 
ufacturable channel length, can operate. 
[0281] The clod^ signal, with its voltage amplitude 
level increased by the first level shifter circuit 3100, is 
input to the shift register drcuit 3101. In addition, the 
start pulse signal, with its voltage amplitude level 
increased by the first level shifter circuit 31 00, is input to 
shifter register drcuit 3101 through the line shown in 
Fig. 31. The shift register circuit 3101 starts operation 
based on the clock signal input to the shift register dr- 
cuit 3101 , and in accordance with the start pulse signal 
(SP) also input to the shift register drcuit 3101 . and cre- 
ates a timing signal that determines the timing for writ- 
ing a digital signal to the first latch drcuit 3103. 
[0282] The digital signal (digital gradation signal) is 
input to the third level shifter circuit 3110 through the 
digital decoder address lines 3102a to 3102d. The input 
digital signal is made higher in voltage and then output. 
It is necessary to increase the voltage amplitude level of 
the digital signal at this time to a voltage amplitude level 
at which the shift register circuit 3101 TFT is not dam- 
aged by punch through or hot electrons due to the short 



channel effect, and at which the TFT. with a manufactur- 
able channel length, can operate. The digital signal that 
has been made higher in voftage and tiien output is wrrit- 
ten in order to the first latch circuit 3103 in accordance 

5 with tiie timing signal created by the shift register circuit 
3101 . The most significant bit (MSB) of the digital signal 
is input from the digital decoder addr^ line 31 02a and 
the least significant bit (LSB) of the digital signal is input 
from the digital decoder address line 3102b. 

10 [0283] After the writing of tiie digital signal is com- 
pleted wfth respect to the first latch drcuit 31 03, the dig- 
ital signal written into the first latch circuit 3103 is 
transmitted and written to the second latch circuit 3104, 
simultaneous with a latch pulse which flows in the latch 

75 pulse line 3105 in time with the operation timing of the 
shift register drcuit 3101 . 

[0284] The vmting of another digital signal to the 
first latch drcuit 3101. which is again supplied by the 
digital decoder, is performed in order and in accordance 

20 with a signal from the shift register circuit 3101. after the 
transmission of the previous digital signal to the second 
latch circuit 3104 is complete. 
[0285] During the second one-line period, the dig- 
ital signal with a voltage amplitude level con-esponding 

25 to tiie digital signal transmitted to the second latch cir- 
cuit 3104, in time with tiie start of the second one-line 
period, is input to the second level shifter circuit 3104. 
[0286] The digital signal input to the second level 
shifter drcuit 3109 is made higher In voltage, ft is neces- 

30 sary for the digital signal to be increased at this time to 
a voltage amplitude level that includes a certain fixed 
margin voltage. 

[0287] The margin voltage is in order to convert the 
digital signal input to the D/A converter circuit 3106 to 

35 an analog signal. The size of the margin voltage is 
dependent upon the voltage of the largest analog signal 
output from the D/A converter circuit 3106. 
[0288] The digital signal witii voltage increased by 
tiie second level shifter drcuit 3109 is input to tiie D/A 

40 converter circuit 3106 and converted to an analog sig- 
nal, and the analog signal is supplied to the source sig- 
nal lines 3108 conesponding to a one-line period 
interval. Switching of corresponding pixel TFTs is per- 
formed in accordance with a selection signal from the 

45 shift register circuit in a gate signal line side driving cir- 
cuit, and the liquid crystal molecules are driven. 
[0289] By repeatedly performing the above opera- 
tions for the number of scanning lines, one screen (one 
frame) is formed. In general, the writing of 60 frames of 

so images per second is perfomied in an active matrix type 
liquid crystal display device. 

[0290] As such, by forming level shifter circuits 
before and after a shift register circuit in a digital drive 
type source signal line side driving drcuit with the 
55 present invention, a dock signal which has a voltage 
amplitude level low enough so that the shift register cir- 
cuit TFT is not damaged by punch tiirough or hot elec- 
trons due to the short channel effect, and high enough 
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so that a TFT with a manulacturable channel length will 
operate, can be input to the shift register circuit. As a 
result, the shift register circuit can be operated at higher 
speed. 

[02911 In addition, even if the voltage amplitude 
level of the dock signal input from external to the source 
signal line side driving circuit is reduced as much as 
possible within the range in which the level shifter circuit 
can operate, high-speed operation of the shift register 
circuit is possible, so power consumption and unwanted 
radiation can be suppressed to such an extent that they 
do not become problems. 

[0292] Further, the frequency of a digital signal is 
several tens of MHz larger than the frequency of an 
image signal of an analog type driving circuit, so 
unwartted radiation becomes a problem. Therefore it is 
desirable to reduce the voltage of the digital signal, but 
if the voltage amplitude level of the digital signal is lower 
than the gradation voltage, it becomes diffiojlt to con- 
vert the digital signal into an analog agnal by the D/A 
converter. With the present invention, it is possible to 
reduce the voltage amplitude level of a digital signal, 
input to a latch circurt from external to a digital drive type 
source signal line side driving circuit, as much as possi- 
ble within the range at which a level shifter circuit can 
operate. Therefore, the voltage of the digital signal input 
to the latch circuit can be suppressed, and it is possible 
to suppress unwanted radiation and power consunp- 
tion. 

[0293] An example of the present invention applied 
to a digital circuit source signal line side driving circuit is 
explained in Embodiment 14. but the present invention 
is not limited to the preferred embodiment of Embodi- 
ment 14. tt is also possible to use the present invention 
in a digital circuit gate signal line side driving circuit, and 
additionally in both a digital circuit source signal line 
side driving circuit and a digital circuit gate signal line 
side driving circuit. 

[Embodiment 15] 

[0294] In addition to nematic liquid crystals, it is 
possible to use many kinds of liquid crystals for the liq- 
uid aystal display devices of the present invention. For 
example, it is possible to use the liquid crystals dis- 
closed in: Furue. H. et al., "Characteristics and Driving 
Scheme of Polymer-Stabilized Monostable FLCD 
Exhibiting Fast Response Time and High Contrast Ratio 
with Gray-Scale Capability", SID. 1998; Yoshida. T. et 
al., "A Full-Color Thresholdless Antiferroelectric LCD 
Exhibiting Wide Viewing Angle with Fast Response 
Time". SID Digest. 841 , 1997; Inui. S. et al.. Threshold- 
less Antiferroelectricity in Liquid Crystals and its Appli- 
cation to Displays". J. Mater. Chem.. 6(4), p. 671-3. 
1996; and in U.S. Patent No. 5,594.569. 
[0295] The resulting electro-optical characteristics 
of a monostable FLC are shown in Rg. 33. In the draw- 
ings, a ferroelectric liquid crystal (FLC) exhibiting a 



phase transition system of an isotropic phase — choles- 
teric phase — chiralsmectic phase is used to perform a 
phase transition between the cholesteric phase and the 
chiralsmectic phase, while applying a DC voltage, and 

5 the cone edge is made to nearly conform with the rut>- 
bing direction. The display mode of a ferroelectric liqukJ 
crystal like that shown in Fig. 33 is called "half-V switch- 
ing mode." The vertical axis of the graph shown in Fig. 
33 is the transmittance (in arbitrary units), and the hori- 

70 zontal ax^ is the applied voltage. Details regarding the 
"half-V switching mode" may be found In: Terada. et al., 
"Half-V Switching Mode FLCD", Proceecfin^ of the 
46th Applied Physics Association Lectures, p. 1316, 
Mar. 1999; and in Yoshihara, et al.. Time Partition Full 

75 Color LCD with Fen-oelectric Liquid Crystal", Liquid 
Crystals, vol. 3, na 3, p. 190. 

[0296] As shown in Rg. 33. it is apparent that if this 
type of ferroelectric mixed liquid crystal is used, it is pos- 
sible to have a low voltage drive and a gradation display. 

20 A ferroelectric liqukJ crystal that shows these electro- 
optical characteristics can be used for the liquid crystal 
display device of the present invention. 
[0297] In addition, a liquid crystal that exhibits an 
anti-ferroeleclric phase in a certain temperature range 

25 is called an anti-fen-oelectric liquid crystal (AFLC). 
Among mixed liquid crystals, whiich have an anti-fen'oe- 
lectric liquid crystal, there is one so-called thresholdless 
antiferroelectric mixed liquid crystal that shows electro- 
optical response characteristics in wKch the transmit- 

30 tance continuously changes in r^ponse to the electric 
field. Some thresholdless antiferroelectric mixed liquid 
crystals show V-type electrooptical response character- 
istics, and also have been found one that has a drive 
voltage of approxinr^tely ± 2.5 V (when the cell tftick- 

35 ness is between 1 arKi 2 fim). 

[0298] Further, in general the spontaneous polari- 
zation of a thresholdless antiferroelectric mixed liquid 
crystal Is large, and the dielectric constant of the liquid 
crystal itself is high. Thus, a relatively large storage 

40 capacitor is required for pixels when a thresholdless 
antiferroelectric mixed liquid crystal is used for a Tquid 
crystal display device. Therefore it is desirable to use a 
thresholdless antiferroelectric mixed liquid crystal that 
has a smaller spontaneous polarization. 

45 [0299] Note that by using this type of thresholdless 
antiferroelectric mixed liquid crystal for the liquid crystal 
display devices of the present invention, a low drive volt- 
age can be realized, so low power consurrption can 
also be realized. 

50 

[Embodiment 16] 

[0300] This example demonstrates a process for 
producing an active matrix type EL (electrolumines- 
55 cence) display device according to the invention of the 
present application. 

[0301 ] Fig. 34A is a top view showing an EL display 
device, which was produced according to the invention 
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of the present application. In Fig. 34A. there are shown 
a substrate 4010, a pixel region 4011, a source signal 
line side driving circuit 4012. and a gate signal line side 
driving circuit 4013. eac^ driving circuit connecting to 
wirings 4014 - 4016 which reach FPC 4017 leading to 
external equipment 

[0302] The pixel region, preferably together with the 
driving circuit, is ertclosed by a covering nnaterial 6000, 
a sealing nnaterial (or housing material) 7000. and an 
end-sealing material (or second sealing material) 7001 . 
[0303] Fig. 34B is a sectional view showing the 
structure of the EL display device in this Exanple. There 
is shown a substrate 4010. a base film 4021. a TFT 

4022 (CMOS circuit consisting of an n-channel type 
TFT and a p-channel type TFT) for the driving circuit, 
and a TFT 4023 for the pixel region to control current to 
the EL element These TFTs may be formed using con- 
ventional structure such as bottom gate or top gate 
structure. 

[0304] Incidentally, the present invention is used in 
the source signal line driving circuit 4012 or the gale 
signal line driving circuit 4013. 
[0305] Upon completion of TFT 4022 (for the driving 
circuit) and TFT 4023 (for the pixel region) according to 
the invention of the present application, a pixel elec- 
trode 4027 is formed on the interlayer insulating film 
(planarizing film) 4026 made of a resin. This pixel elec- 
trode 4027 is electrically connected to the drain of TFT 

4023 for the pixel region. When the pixel electrode conv 
prises a transparent conductive film, a p-channel type 
TFT is used as the TFT for the pixel region. The trans- 
parent conductive film may be formed from a conrpound 
(called ITO) of indum oxide and tin oxide or a conrv 
pound of indium oxide and zinc oxide. On the pixel elec- 

* trode 4027 is formed an insulating film 4028, In which is 
formed an opening above the pixel electrode 4027. 
[0306] Subsequently, the EL layer 4029 is formed. It 
may be of single-layer structure or multi-layer structure 
by freely combining known EL materials such as a hole 
injection layer, a hole transport layer, a light emitting 
layer, an electron transport layer, and an electron injec- 
tion layer. Any known technology nnay be available for 
such structure. The EL material is either a low-molecu- 
lar material or a high-molecular material (polymer). The 
former may be applied by vapor deposition, and the lat- 
ter may be applied by a simple method such as spin 
coating, printing, or ink-jet method. 
[0307] In this exanple, the EL layer is fonned by 
vapor deposition through a shadow mask. The resulting 
EL layer permits each pixel to emit light differing in 
wavelength (red, green, and blue). This realizes the 
color display. Alternative systems available include the 
combination of color conversion layer (CCM) and color 
filter and the combination of white light emitting layer 
and color filter. Needless to say. the EL display device 
may be monochromatic. 

[0308] A cathode 4030 is formed on the EL layer 
4029. Prior to this step, it is desirable to dear moisture 



and oxygen as much as possible from the interface 
between the EL lay©- 4029 and the cathode 4030. This 
object may be achieved by forming the EL layer 4029 
and the cathode 4030 sul5sequently in a vacuum, or by 

5 forming the EL layer 4029 in an inert atmosphere and 
then fonning the cathode 4030 in the same atmosphere 
without exposing to air. In this Example, the desired film 
was formed by using a film-forming apparatus of multi- 
chamber system (cluster tool system). 

10 [0309] The multi-layer structure composed of lith- 
ium fluoride film arxJ alunrtinum film is used in this Exam- 
ple as the cathode 4030. To be concrete, the EL layer 
4029 is coated by vapor deposition with a lithium fluo- 
ride fflm (1 nm thick) and an aluminum film (300 nm 

IS thick) sequentially. Needless to say, the cathode 4030 
may be formed from MgAg electrode which is a knowvn 
cathode material. Subsequently, the cathode 4030 is 
connected to a wiring 4016 in the region Indicated by 
4031 . The wiring 4016 to supply a prescribed voltage to 

20 the cathode 4030 is connected to the FPC 401 7 through 
an electrically conductive paste material 4032. 
[0310] The electrical connection between the cath- 
ode 4030 and the wiring 4016 in the region 4031 needs 
contact holes in the interlayer Insulating film 4026 and 

25 the insulating film 4028. These contact holes may be 
formed when the interlayer Insulating film 4026 under- 
goes etching to form the contact hole for the pixel elec- 
trode or when the insulating film 4028 undergoes 
etching to form the opening before the EL layer is 

30 formed. When tiie insulating film 4028 undergoes etch- 
ing, tiie interiayer insulating film 4026 may be etched 
simultaneously. Contact holes of good shape may be 
formed if tiie interlayer insulating film 4026 and the insu- 
lating film 4028 are made of the same material. 

35 [031 1 ] Then, a passivation film 6003, a filling male- 
rial 6004 and a cov^-ing material 6000 are formed so 
that these layers cover the EL element 
[0312] Furthennore. the sealing material 7000 is 
formed inside of the covering material 6000 and the 

40 substrate 4010 such as surrounding the EL element, 
and the end-sealing material 7001 is formed outside of 
the sealing material 7000. 

[0313] The filling material 6004 is formed to cover 
tiie EL element and also functions as an adhesive to 

45 adhere to the covering material 6000. As the filling 
material 6004. PVC (polyvinyl chloride), an epoxy resin, 
a silicon resin, PVB (polyvinyl butyral), or EVA (ethylen- 
vinyl acetate) can be utilized. It is preferable to form a 
desiccant in ttie filling material 6004. since a moisture 

50 absorption can be maintained. 

[0314] Also, spacers can be contained in the filling 
material 6004. It is preferable to use spherical spacers 
comprising barium oxide to maintain the moisture 
absorption in the spacers. 

55 [031 5] In tiie case of tiiat the spaces are contained 
in the filling material, the passivation film 6003 can 
relieve tiie pressure of the spacers. Of course, the other 
film different from the passivation film, such as an 
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or^nic resin, can be used for relieving the pressure of 
the spacers. 

[031 6] As the covering material 6000. a glass plate, 
an aluminum plate, a stainless plate, a FRP (Rber^ass- 
Reinforced Plastics) plate, a PVF (polyvinyl fluoride) s 
film, a Mylar film, a polyester film or an acryl film can be 
used. In a case that PVB or EVA is employed as the fill- 
ing material 6004. it is preferable to use an aluminum 
foil with a thickness of some tens of jim sandwiched by 
a PVF film or a Mylar film. 

[0317] It is noted that the covering material 6000 
should have a light transparency with accordance to a 
light emitting cfirection (a light radiation direction) from 
the EL element 

[0318] The wiring 4016 is electrically connected to 
FPC 401 7 through the gap between the sealing material 
7000 and the end-sealing material 7001. and the sub- 
strate 4010. As in the wiring 4016 explained above, 
other wirings 4014 and 4015 are also electrically con- 
nected to FPC 401 7 under the sealing material 4018. 
[0319] In this embodiment, the covering material 
6000 is adhered after disposing the filling material 6004, 
and the sealing material 7000 is attached so as to cover 
the side face(an exposed face) of the filling material. 
However, the filling material 6004 can be disposed after 
attaching the cover material 6000 and the sealing mate- 
rial 7000. In this case, an opening is formed for injecting 
the filling material into a space between the substrate 
4010, the covering material 6000 and the sealing mate- 
rial 7000. Then the space is evacuated (less than 10"^ 
Torr) and the opening is immersed in the filling material 
tank. And the fflling material fills the space by making 
the outside pressure of the space higher than the inside 
pressure of the space. 

[Embodiment 17] 

[0320] In this embodiment another active matrix 
type EL display device having a different structure from 
the embodiment 16is explained, as shown in Rgs. 35A 
and 35B. The same reference numerals in Rg. 35A and 
35B as in Rgs. 34A and 348 indicate same constitutive 
elements, so an explanation is omitted. 
[0321] Rg. 35A shows a top view of the EL nruxlule 
in this embodiment and Rg. 358 shows a sectional view 
of A-A' of Rg. 35A. 

[0322] According to En±>odiment 16, the passiva- 
tion film 6003 is formed to cover a surface of the EL ele- 
ment. 

[0323] The filling material 6004 is formed to cover 
the EL element and also functions as an adhesive to 
adhere to the covering material 6000. As the filling 
material 6004. PVC (polyvinyl chloride), an epoxy resin, 
a silicon resin, PVB (polyvinyl butyral), or EVA (ethylen- 
vinyl acetate) can be utilized. It is preferable to form a 
desiccant in the filling material 6004, since a moisture 
absorption can be maintained. 
[0324] Also, spacers can be contained in the filling 



nraterial 6004. It is pref^-able to use spherical spacers 
comprising barium oxide to maintain the moisture 
absorption in the ^^cers. 

[0325] In the case of that the spaces are contained 
in the filling material, the passivation film 6003 can 
relieve the pressure of the spacers. Of course, the other 
fflm different from the passivation film, such as an 
organic resin, can be used for relie/ing the pressure of 
the spacers. 

[0326] As the covering material 6000. a glass plate, 
an aluminum plate, a stainless plate, a FRP (Rberglass- 
Reinfbrced Plastics) plate, a PVF (polyvinyl fluoride) 
film, a Mylar film, a polyester film or an acryl film can be 
used. In a case that PVB or EVA is employed as the fill- 
ing material 6004, it is preferable to use an aluminum 
foil with a thickness of some tens of M,m sandwiched by 
a PVF film or a Mylar film. 

[0327] It is noted that the covering material 6000 
should have a light transparency with accordance to a 
light emitting direction (a light radiation direction) from 
the EL element. 

[0328] Next the covering material 6000 is adhered 
using the filling material 6004. Then, the flame material 

6001 is attached to cover side portions (exposed faces) 
of the filling material 6004. The flame material 6001 is 
adhered by the sealing material (acts as an adhesive) 
6002. As the sealing material 6002, a light curatrfe resin 
is preferable. Also, a thermal curable resin can be 
enrployed if a heat resistance of the EL layer is admit- 
ted. It is preferatde for the sealing material 6002 not to 
pass moisture and oxygen. In addition, it is possible to 
add a desiccant inside the sealing material 6002. 
[0329] The wiring 4016 is electrically connected to 
FPC 401 7 through the gap between the sealing nraterial 

6002 and the substrate 4010. As in the wiring 4016 
explained above, other wiring 4014 and 4015 are also 
electrically connected to FPC 4017 under the sealing 
material 6002. 

[0330] In this embodiment, the covering material 
6000 ^ adhered after disposing the filling nrraterial 6004. 
and the sealing material 7000 is attached so as to cover 
the side face(an exposed face) of the filling material. 
However, the filling material 6004 can be disposed after 
attaching the cover material 6000 and the sealing mate- 
rial 7000. In this case, an opening is formed for injecting 
the filling material into a space between the substrate 
4010, the covering material 6000 and the sealing mate- 
rial 7000. Then the space is evacuated (less thanlO'^ 
Torr) and the opening is immersed in the filling material 
tank. And the filling material fills the space by making 
the outside pressure of the space higher than the inside 
pressure of the space. 

[Embodiment 18] 

[0331] This example can be applied to the EL dis- 
play panel having a structure as shown in Emlxxiiment 
16 and 17. Rg. 36 shows the cross section of the pixel 
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region; Fig. 37A shows the top view thereof; and Fig. 
37B shows the circuit structure for the pixel region. In 
Rg. 36. Rg. 37A and Fig. 37B, the same reference 
numerals are referred to for the same portions, as being 
common thereto. 

[0332] In Rg. 36. the switching TFT 3502 formed on 
the substrate 3501 is a conventional NTFT In this 
Embodiment, it has a double-gate structure, but its 
structure and fabrication process do not so much differ 
from the structures and the fabrication processes illus- 
trated hereinabove, ar^j their description is omitted 
herein. However, the double-gate structure of the 
switching TFT 3502 has substantially two TFTs as con- 
nected in series, and therefore has the advantage of 
reducing the off-cun-ent to pass therethrough. In this 
Embodiment, the switehing TFT 3502 has such a dou- 
ble-gate structure, but is not limitative. It may have a sin- 
gle-gate structure or a triple-gate structure, or even any 
other multi-gate structure having more than three gates. 
As the case may be, the switching TFT 3502 may be 
PTFT of the invention. 

[0333] The current-control TFT 3503 is a conven- 
tional NTFT The drain wire 35 in the switching TFT 

3502 is electrically connected with the gate electrode 37 
of the current-control TFT, via the wire 36 therebetween. 
The wire indicated by 38 is a gate wire for electrically 
connecting the gate electrodes 39a and 39b in the 
switching TFT 3502. 

[0334] The current-control TFT is a unit for control- 
ling the quantity of cun-ent that passes tiirough the EL 
device. Therefore, a large quantity of current passes 
through it, and the unit, current-control TFT has a high 
risk of thermal degradation and degradation with hot 
carriers. To this unit, therefore, the structure of the 
invention is extremely favorable, in which an LDD region 
is so constructed that the gate electrode overlaps with 
the drain area in the cunrent-contrd TFT, via a gate insu- 
lating film therebetween. 

[0335] In this Embodiment, the cun-ent-control TFT 

3503 is illustrated to have a single-gate structure, but it 
may have a multi-gate structure with plural TFTs con- 
nected in series. In addition, plural TFTs may be con- 
nected in parallel so that the channel forming region is 
substantially divided into plural sections. In the structure 
of that type, heat radiation can be effected efficiently 
The structure is advantageous for protecting the device 
witii It from tiiermal deterioration. 

[0336] As in Fig. 37A. ttie wire to be the gate elec- 
trode 37 in the current-control TFT 3503 overlaps with 
the drain wire 40 tiierein in the region indicated by 3504, 
via an insulating film therebetween. In this state, the 
region indicated by 3504 forms a capacitor. The capac- 
itor 3504 functions to retain the voltage applied to the 
gate electrode in tiie current-control TFT 3503. The 
drain wire 40 is connected witii the current supply line 
(power line) 3506, from which a constant voltage is all 
the time applied to the drain wire 40. 
[0337] On the switching TFT 3502 and the current- 



control TFT 3503. a first passivation film 41 is formed. 
On the film 41 . formed is a planarizing film 42 of an insu- 
lating resin. It is exti-emely important that the difference 
in level of tiie layered portions in TFT is removed 

5 throjgh planarization with the planarizing film 42. This 
is because the EL layer to be formed on the previously 
formed layers in ttie later step is extremely thin, and if 
tiiere exist a difference in level of ttie previously formed 
layers, the EL device will be often troubled by light emis- 

70 sion failure. Accordingly, it is desirable to previously 
planarize as much as possible the previously formed 
layers before the formation of the pixel electrode ther- 
eon so that tine EL layer could t>e formed on tiie 
planarized surface. 

15 [0338] The reference numeral 43 Indicates a pixel 
electrode (a cathode in the EL device) of an conductive 
f Om with high reflectivity. The pix^ electrode 43 is elec- 
trically connected with ttie drain region in tiie current- 
control TFT 3503. It is preferable that tiie pixel electrode 

20 43 is of a low-resistance conductive film of an aluminum 
alloy, a copper alloy or a silver alloy, or of a laminate of 
tiiose films. Needless-to-say. the pixel electrode 43 may 
have a laminate structure with any other conductive 
films. 

25 [0339] In the recess (tiiis corresponds to ttie pixel) 
formed between ttie banks 44a and 44b of an insulating 
fflm (preferably of a resin), ttie light-emitting layer 45 is 
formed. In ttie illustrated structure, only one pixel is 
shown. t>ut plural light-emitting layers could be sepa- 

30 rately formed in different pixels, corresponding to differ- 
ent colors of R (red). G (green) and B (blue). The 
organic EL material for the light-emitting layer may be 
and 6-conjugated polymer material. Typical polymer 
materials usable herein Include polyparaphenylenevi- 

35 nylene (PW) materials, polyvinylcaitazole (PVK) mate- 
rials, polyfluorene materials, etc. 
[0340] Various types of PW-type organic EL mate- 
rials are known, such as those cfisclosed in H. Shenk. H. 
Becker, O. Gelsen. E. Klunge, W. Kreuder, and H. Spre- 

40 itzer; Polymers for Light Emitting Diodes. Euro Display 
Proceedings, 1999, pp. 33-37 and in Japanese Patent 
Laid-Open No. 10-92576 (1998). Any of such known 
nnaterials are usable herein. 

[0341 ] Concretely, cyanopolyphenylenevlnylenes 
45 may t>e used for red-emitting layers: polyphenylenevin- 
ylenes may be for green-emitting layers; and polyphe- 
nylenevinylenes or polyalkylphenylenes may be for 
blue-emitting layers. The thickness of the film for the 
light-emitting layers may fall between 30 and 150 nm 
50 (preferably between 40 and 1 00 nm). 

[0342] These compounds mentioned above are 
referred to merely for examples of organic EL materials 
employable herein and are not limitative at all. The light- 
emitting layer may be combined with a charge transpor- 
55 tation layer or a charge injection layer in any desired 
manner to form the intended EL layer (ttiis is for light 
emission and for carrier transfer for light emission). 
[0343] Specifically, this embodiments to demon- 
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strate an embodiment of using polymer materials to 
form light-emitting layers, which, however, is not limita- 
tive. Low-molecular organic EL materials may also be 
used ior light-emitting layers. For charge trarsportation 
layers and charge injection layers, further employable 
are inorganic materials such as silicon carbide, etc. Var- 
ious organic EL materials and inorganic materials for 
those layers are known, any of which are usable herein. 
[0344] In this Embodiment a hole injection layer 46 
of PEDOT (polythiophene) or PAni (pol^niline) is 
formed on the light-emitting layer 45 to give a laminate 
stmcture for the EL layer. On the hole injection layer 46. 
formed is an anode 47 of a transparent conductive film. 
In this Embodiment, the light having been emitted by the 
light-emitting layer 45 radiates therefrom in the direction 
toward the top surface (that is. in the upward direction of 
TFT). Therefore, in this, the anode must transmit light 
For the transparent conductive film for the anode, usa- 
ble are compouncte of indium oxide and tin oxide, and 
compourxJs of indium oxide and zinc oxide. However, 
since the anode is formed after the light-emitting layer 
and the hole Injection layer having poor heat resistance 
have been formed, it is preferable that the trareparent 
conductive film for the anode is of a material capat>le of 
being fomied into a f 3m at as low as possible tempera- 
tures. 

[0345] When the anode 47 is formed, the EL device 
3505 is finished. The EL device 3505 thus fabricated 
herein indicates a capacitor comprising ttie pixel elec- 
ti-ode (cathode) 43. tiie light-emitting layer 45. the hole 
injection layer 46 and the anode 47. As in Rg. 37A, the 
region of the pixel electrode 43 is nearly tiie same as 
the area of tiie pixel. Therefore, in this, the entire pixel 
functions as ttie EL device. Accordingly, the light utility 
efficiency of the EL device fabricated herein is high, and 
the device can display bright images. 
[0346] In this Embodiment, a second passivation 
film 48 is formed on the anode 47. For tiie second pas- 
sivation film 48, preferably used is a silicon nitride film or 
a silicon nitride oxide f Bm. The object of the film 48 is to 
ir^ulate the EL device from the outward environment. 
The film 48 has tiie function of preventing the organic 
EL material from being degraded through oxidation and 
has the function of preventing it from degassing. With 
the second passivation film 48 of tiiat type, the reliability 
of tiie EL display device is improved. 
[0347] As described hereinabove, the EL display 
panel of the invention fabricated in tiiis Emtxxdiment has 
a pixel region for the pixel having the constitution as in 
Fig. 36. and has tiie switching TFT through which the 
off-current to pass is very small to a satisfactory degree, 
and the current-control TFT resistant to hot carrier injec- 
tion. Accordingly, tiie EL display panel fabricated herein 
has high reliability and can display good images. 
[0348] The constitution of this Embodiment can be 
combined with any constitution of En±>odiments 1 to 17 
in any desired manner. 



[Embodiment 19) 

[0349] This Embodiment is to demonstrate a modi- 
fication of the EL cfisplay panel of Enixxliment 18. in 

5 which the EL device 3505 in the pixel region has a 
reversed structure. For this Embodiment, referred to is 
Rg. 38. The constitution of the EL display panel of tiiis 
EmlxxJiment differs from that illustrated in Fig. 36 only 
in the EL device portion and the current-control TFT 

10 portion. Therefore, the description of the other portions 
except those different portions is omitted herein. 
[0350] In Fig. 38. the current-confrol TFT 3701 may 
be a conventional PTFT 

[0351] In this Embodiment, tiie pixel electrode 
75 (anode) 50 is of a transparent conductive fOm. Con- 
aetety. used is an conductive film of a conrpound of 
indium oxide and zinc oxide. Needless-to-say. also usa- 
ble is an conductive film of a compound of indium oxide 
and tin oxide. 

20 [0352] After tiie banks 51 a and 51 b of an insulating 
film have been formed, a light-emitting layer 52 of poly- 
vinylcart^ole is formed between them in a solution 
coating method. On the light-emitting layer 52, formed 
are an electron injection layer 53 of acetylacetonatopo- 

25 tassium, and a cathode 54 of an aluminum alloy In tiiis 
case, the cathode 54 serves also as a passivation film. 
Thus is fabricated tiie EL device 3701 . 
[0353] In this Embodiment, the light having been 
emitted by tiie light-emitting layer radiates in the direc- 

30 tion toward the substrate with TFT formed thereon, as in 
the direction of the arrow illustrated. 
[0354] The constitution of this Embodiment can be 
conr±Mned witii any constitution of Embodiments 1 to 17 
in any desired manner. 

55 

[EnrdxKtiment 20] 

[0355] This Embodiment is to demonstrate modifi- 
cations of tiie pixel with the circuit structure of Rg. 37B. 

40 The modifications are as in Rg. 39A to Rg. 39C. In tiiis 
Embodiment illusti'aled in those Rg. 38A to Fig. 38C, 
3801 indicates tiie source signal line for the switching 
TFT 3802; 3803 indicates the gate signal line for the 
switching TFT 3802; 3804 indicates a current-control 

45 TFT; 3805 indicates a capacitor; 3806 and 3808 indi- 
cate current supply lines; and 3807 indicates an EL ele- 
ment 

[0356] In tiie enrtfxxliment of Rg. 39A. the cun-ent 
supply line 3806 is common to the two pixels. Specifi- 

50 cally, this embodiment is characterized in tiiat two pixels 
are linealsymmetricaly formed with tiie current supply 
line 3806 being the center between them. Since the 
number of current supply lines can be reduced therein, 
this emfcxxJiment is advantageous in tiiat tiie pixel 

55 region can be much finer and thinner. 

[0357] In the embodiment of Fig. 39B, tiie current 
supply line 3808 is formed in parallel to the gate wire 
3803. Specifically, in this, the current supply line 3808 is 
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so constructed ttet it does not overlap with the gate wire 
3803. but Is not limitative. Being different from the illus- 
trated case, the two may overlap with each other via an 
insulating film therebetween so far as they are of differ- 
ent layers. Since the current supply line 3808 and the 5 
gate wire 3803 may enjoy the common exclusive area 
therein, this embodiment is advantageous in that the 
pixel pattern can be much finer and thinner. 
[0358] The structure of the embodiment of Rg. 39C 
is characterized In that the current supply line 3808 is 10 
formed in parallel to the gate wires 3803. like in Fig. 
39B, and that two pixels are lineal-symmetrically formed 
with the current supply line 3808 being the center 
between them. In this, it is also effective to provide the 
current supply line 3808 in such a manner that it over- is 
laps with any one of the gate wires 3803. Since the 
number of cun^ent supply lines can be reduced therein, 
this embodiment is advantageous in that the pixel pat- 
tern can be much finer and thinner. 
[0359] The constitution of this Embodiment can be 20 
confined with any constitution of Embodiment 1 to 17 
In any desired manner. 

[Emtjodiment 21] 

25 

[0360] The embodiment of Embodim^ 18 Illus- 
trated in Fig. 37A and Fig. 37B is provided with the 
capacitor 3504 which acts to retain the voltage applied 
to the gate in the cun-ent-control TFT 3503. In the 
embodiment, however, the capacitor 3504 may be omit- 30 
ted. 

[0361] In the embodiment of Emt>odiment 18. the 
current-control TFT 3503 is NTFT. and the LDD region 
is so formed that it overlaps wnth the gate electrode via 
the gate insulating film therebetween. In the overlapped 3S 
region, formed is a parasitic capacitance generally 
referred to as a gate capacitance. The embodiment of 
this Embodiment is characterized in that the parasitic 
capacitance is positively utilized in place of the capaci- 
tor 3504. ^ 
[0362] The parasitic capacitance in question varies, 
depending on the area in which the gate electrode over- 
laps with the LDD region, and is therefore determined 
according to the length of the LDD region in the over- 
lapped area. ^ 
[0363] Also in the embodiments of Embodiment 20 
illustrated in Fig. 39A. Fig. 39B and Fig. 39C, the capac- 
itor 3805 can be omitted. 

[0364] The constitution of this Embodiment can be 
combined with any constitution of Embodiment 1 to20 in so 
any desired manner 

[Embodiment 22] 

[0365] There are various uses for electronic equip- ss 
ment that uses a semiconductor display device (typi- 
cally an active matrix liquid crystal display device, an 
active matrix type EL display device, or an active matrix 



type EC display device) manufactured in accordance 
with the present invention. Electronic equipment into 
which a semiconductor display device that us^ a driv- 
ing circuit manufactured in accordance with the present 
invention is incorporated. 

[0366] The following can be given as exanples of 
this type of electronic equipment: video cameras; still 
cameras; digital cameras: projectors (rear type and 
front type); head mount displays (goggle type displays); 
game machines; car navigation systems; personal com- 
puters; portable information terminals (such as mobile 
computers, portable telephones, and electronic tjooks), 
etc. Some examples of these are shown in Rgs. 16A- 
16E. 1 7A-17B. and 32A to 32C. 
[0367] Rg. 1 6 A is a portable telephone, and is com- 
posed of a main body 1101, a sound output section 
1 102, a sound input section 1 103. a semiconductor dis- 
play device 1104. operation switches 1105. and an 
antenna 1106. The present invention can be applied to 
the semiconductor display device 1104. to the sound 
input section 1 103, arKi to other signal control circuits. 
[0368] Fig. 168 is a video camera, and is composed 
of a main body 1107. a semiconductor display device 
1108, a sourd input section 1109. operation switches 
1110, a battery 1111, and an image receiving section 
1112. The present invention can be applied to the sem- 
iconductor display device 1 108. to the sound input sec- 
tion 1 109. and to other signal control circuits. 
[0369] Fig. 16C is a mobile conrrputer. and is com- 
posed of a main body 1 1 13. a camera section 1 1 14. an 
image receiving section 1115. operating switches 1116. 
and a semiconductor display device 1117. The present 
invention can be applied to the semiconductor display 
device 1117 and to other signal control circuits. 
[0370] Rg. 16D is a head mount display, and is 
composed of a main body 1118, semiconductor display 
devices 1119. mirrors 1120, and t>ack lights 1121. The 
present invention can be applied to the semiconductor 
display device 1119 and to other signal control drcuits. 
[0371] Fig. 16E is a head mount display device, and 
is composed of a semiconductor display device 1123. 
and a band section 1124. The head mount display 
device shown in Fig. 16E is equipped with only one 
semiconductor display device. The present invention 
can be applied to the semicorductor display device 
1 123 and to other signal control circuits. 
[0372] Fig. 17A is a rear type projector, and is com- , 
posed of a main body 1201. a semiconductor display 
device 1202, a light source 1203, an optical system 
1204. and a screen 1205. Note that it is desirable to be 
cable of changing the screen angle of a rear type pro- 
jector, with the main body fixed, depending upon the 
location of the viewer. Note also that by using three 
semiconductor display devices 1202 (con-esponding to 
R, G, and B light, respectively) a rear type projector witii 
higher resolution and higher definition can be realized. 
[0373] Fig. 1 7B is a front type projector, and is com- 
posed of a main body 1206. a semiconductor display 
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device 1207. a light source 1208. a reflector 1209. and 
a screen 1210. Note that by using three semiconductor 
display devices 1207 (corresponding to R, G. and B 
light, respectively) a front type projector with higher res- 
olution and higher definition can be realized. 
[0374] Fig, 32A is a personal computer, and is com- 
posed of a main body 7501, an image input section 
7502. a display device 7503, and a keyboard 7504. The 
present invention can be applied to the Image input sec- 
tion 7502. to the semiconductor display device 7503, 
and to other signal control circuits. 
[0375] ; Rg. 32B is a goggle type display, and is com- 
posed of a main body 7301, a semiconductor display 
device 7302. and an arm section 7303. The present 
invention can be applied to the semiconductor display 
device 7302, and to other signal control circuits. 
[0376] Rg. 32C is a player which uses a recording 
medium on which a program is recorded (hereafter 
referred to as a recording medium), and is composed of 
a main body 7401, a semiconductor display device 
7402. a speaker section 7403, a recording medium 
7404. and operation switches 7405. Note that music 
appreciation, film appreciation, games, ard the use of 
the Internet can be performed with this device used by a 
DVD (digital versatile disk), a CD, etc.. as a recording 
medium. The present invention can be applied to the 
semiconductor display device 7402, and to other signal 
control circuits. 

[0377] As shown above, the present invention's 
applicable range is extremely wide, and it can be 
applied to electronic equipment in all fields. Further, the 
semiconductor display device of Embodiment 22 can be 
realized with a composition that uses a combination 
with any of Embodiments 1 to 21. 
[0378] . With the present invention, by arranging 
level shifter circuits both before and after the shift regis- 
ter circuit, the dock signal of such a voltage amplitude 
level that the shift register circuit TFT is not damaged 
due to punch through or hot electrons caused by the 
short channel effect, and that a TFT with a manufactur- 
able channel length operates allows the shift register 
circuit to operate. As a result, high-speed operation can 
be performed without damage to the shift register cir- 
cuit, and it is possible to drive the liquid crystals in a sat- 
uration state. In addition, even if the voltage amplitude 
level of the clock signal input from external to the source 
signal line side driving circuit is reduced as much as 
possible within the range in which the level shifter circuit 
can operate, high-speed operation of the shift register 
circuit is possible, so power consumption and unwanted 
radiation can be suppressed to such an extent that they 
do not become problems. 

Claims 

1 . A semiconductor device comprising a source signal 
line side driving circuit, said source signal line side 
driving circurt comprising a first level shifter circuit. 



a second level shifter circuit, a shift register circuit, 
and a sampling circuit, wherein: 

said first level shifter circuit increases a voltage 
5 of an input signal, which is input to said first 

level shifter circuit from external to said source 
signal line side driving circuit, to a voltage 
amplitude level at which it is sufficient for said 
shift register circuit to operate, and inputs a sig- 
10 nal to said shift register circuit; 

said shift register circuit creates a timing signal, 
based on the signal input from said first level 
shifter circuit, in order to sample an image sig- 
nal supplied from external to said source signal 
15 line side driving circuit, and inputs the timing 

signal to said second level shifter circuit; 
said second level shifter circuit inaeases the 
voltage amplitude level of the timing signal, and 
inputs increased timing signal to said sampling 
20 circuit: and 

said sampling circuit samples the image signal 
in accordance with the timing signal, and sup- 
plies a sampled signal to source signal lines 
connected to said source signal line side driv- 
es ing circuit. 

2. A semiconductor device comprising a source signal 
line side driving circuit, said source signal tine side 
driving circuit comprising a first levd shifter circuit, 
30 a second level shifter circuit, a shift register circuit, 
and a sampling circuit, wherein: 

said first level shifter circuit increases a voltage 
of a clock signal, which is input to said first level 

35 shifter circuit from externa! to said source sig- 

nal line side driving circuit and has a voltage 
amplitude level at which it is sufficient for said 
first level shifter circuit to operate, to a voltage 
amplitude level at which it is suffident for said 

40 shift register circuit to operate, and inputs a sig- 

nal to said sNft register circurt; 
said shift register circuit creates a timing signal, 
based on the clock signal input to said shift reg- 
ister circuit, in order to sample an image signal 

45 supplied from externa] to said source signal 

line side driving circuit, and inputs the timing 
signal to said second level shifter circuit; 
said second level shifter circuit increases the 
voltage amplitude level of the timing signal 

50 input to said second level shifter circuit, to a 

voltage amplitude level that Includes a certain 
fixed margin voltage in addition to a saturation 
voltage of a liquid crystal, and inputs increased 
timing signal to said sampling circuit; and 

55 said sampling circuit samples the image signal 

in accordance with the timing signal input to 
said sampling circuit, and supplies sarrpled 
signal to source signal lines connected to said 
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source signal line side driving circuit. 

3. !a gate signal line side driving circuit comprising a 
i first level shifter circuit, a second level shifter circuit. 

; and a shift register circuit, wherein: 5 

said first level shifter circuit increases a voltage 
of an input signal, which is input from external 
to said gate signal line side driving circuit, to a 
: voltage amplitude level at which it is sufficient io 
i for said shift register circuit to operate, and 
■ inputs a signal to said shift register circuit: 
; said shift register circuit creates a selection sig- 
nal, based on the input signal which is input to 
said shift register circuit, and inputs the selec- is 
\ tion signal to said second level shifter circuit; 
! and 

' said second level shifter circuit increases the 
voltage anrrplitude level of the input selection 
signal, to a voltage amplitude level at which it is 20 
sufficient for all pixel TFTs connected to gate 
signal lines to reliably operate, and either 
directly, or through a buffer circuit, supplies 
increased selection signal to the gate signal 
lines. 25 

4. :A gate signal line side driving circuit comprising a 
If irst level shifter circuit, a secorxi level shilter circuit, 
and a shift register circuit, wherein: 

30 

said first level shifter circuit increases a voltage 
of a clock signal, which is input to said first level 
shifter circuit from external to said gate signal 
line side driving circuit and has a voltage ampli- 
tude level at which it is sufficient for said first 35 
; level shifter circuit to operate, to a voltage 
amplitude level at v^rhich it is sufficient for said 
shift register circuit to operate, and inputs a sig- 
nal to sard shift register circuit; 
said shift register circuit, based on the clock 40 
signal input to said shift register circuit, creates 
a selection signal which operates pixel TFTs 
connected to said gate signal line side driving 
circuit through gate signal lines, and inputs the 
created selection signal to the second level 45 
shifter circuit; and 

said second level shifter circuit increases the 
voltage amplitude level of the selection signal 
input to said second level shifter circuit, to a 
voltage amplitude level at which it is sufficient so 
for all of the pixel TFTs connected to the gate 
signal lines to reliably operate, and supplies the 
selection signal, which has been increased in 
voltage by said second level shifter circuit, to 
the gate signal lines. ss 

5. ' A semiconductor display device comprising: 



a pixel region in which a plurality of pixel TFTs 
are arranged in a matrix state; 
a plurality of source signal lines which are con- 
nected to source electrodes of the plurality of 
pixel TFTs, respectively; 
a plurality of gate signal lines which are con- 
nected to gate electrodes of the plurality of 
pixel TFTs, respectively; 
a source signal line side driving circuit con- 
nected to said plurality of source signal lines; 
and 

a gate signal line side driving circuit connected 
to said plurality of gate signal lines, wherein: 
said source signal line side driving circuit has a 
first level shifter circuit, a second level shifter 
circuit, a shift register circuit, and a sampling 
circuit; 

said first level shifter circuit increases a voltage 
of a dock signal, which is input to the first level 
shifter circuit from external to said source sig- 
nal line side driving circuit and has a voltage 
amplitude level at which it is sufficient for the 
first level shifter circuit to operate, to a voltage 
amplitude level at which it is sufficient for the 
shift register circuit to operate, and inputs a sig- 
nal to the shift register circuit; 
the shift register circuit creates a timing signal, 
based on the clock signal input to the shift reg- 
ister circurt, in order to sample an image signal 
supplied from external to said source signal 
line side driving circuit, and inputs the timing 
signal to the second level shifter circuit; 
the second level shifter circuit increases the 
voltage amplitude level of the timing signal 
input to the second level shifter circuit, to a volt- 
age amplitude level that includes a certain f ixed 
margin voltage in addition to a saturation volt- 
age of a liquid crystal, and inputs a signal to the 
sampling circuit; and 

the sampling circuit samples the image signal 
in accordance with the timing signal input to the 
sampling circuit and supplies sampled signal 
to the source signal lines. 

6. The semiconductor display device according to 
daim 5, wherein said source signal line side driving 
drcuit is formed on the same substrate as said pixel 
region. 

7. A semiconducta display device connprising: 

a pixel region in which a plurality of pixel TFTs 
are arranged in a matrix state; 
a plurality of source signal lines which are con- 
nected to source electrodes of the plurality of 
pixel TFTs, respectively; 
a plurality of gate signal lines which are con- 
nected to gate electrodes of the plurality of 



33 



EP 1 020 839 A2 



66 



65 

j pixel TFTs, respectively; 
I a source signal line side driving circuit con- 
! nected to said plurality oi source signal lines, 
\ and 

j a gate signal line side driving circuit connected 5 
i to said plurality o1 gate signal lines, wherein: 
j said gate signal line side driving circuit has a 
: first level shifter circuit a second level shifter 

■ circuit, and a shift register circuit; 

; the first level shifter circuit increases a voltage io 
i of a clock signal, which is input to the first level 
1 shitter circuit from external to said gate signal 
' line side driving circuit and has a voltage annpli- 

■ tude level at which it is sufficient for the first 

: level shifter circuit to operate, to a voltage is 
\ amplitude level at which it is sufficient for the 
\ shift register circuit to operate, and inputs a sig- 
I nal to the shift register circuit; 
\ the shift register circuit, based on the clock sig- 
nal input to the shift register circuit, aeates a 20 
selection signal which operates the pixel TFTs 
' connected to said gate signal line side driving 
' circuit through the gate signal lines, and inputs 
: the selection signal to the second level shifter 
; circuit; and 

; the second level shifter circuit increases the 
; voltage amplitude level of the selection signal 
; input to the second level shifter circuit, to a volt- 
; age amplitude level at which it is sufficient for 
. ; all of the pixel TFTs connected to the gate sig- 30 

nal lines to reliably operate, and supplies the 
: selection signal, which has been increased in 
' voltage by the second level shifter circuit, to the 
I gate signal lines. 

= 35 

8. Thfe semiconductor display device according to 
claim 7, wherein said gate signal line side driving 
circuit is formed on the same substrate as said pixel 
region. 

I 40 

9. A Semiconductor display device comprising: 

! a pixel region in which a plurality of pixel TFTs 

are arranged in a matrix state; 

a plurality of source signal lines which are con- 45 
'. nected to source electrodes of the plurality of 
• pixel TFTs, respectively; 
' a plurality of gate signal lines which are con- 
: nected to gate electrodes of the plurality of 

pixel TFTs, respectively: 50 
■ a source signal line side driving circuit con- 
' nected to said plurality of source signal lines. 
' and 

;i a gate signal line side driving circuit connected 
\ to said plurality of gate signal lines, wherein: 55 
: said source signal line side driving circuit has a 
; first level shifter circuit, a second level shifter 
: circuit, a first shift register circuit, and a first 



sampling circuit; 

the first level shifter circuit increases a voltage 
of a clock signal, which is input to the first level 
shifter circuit from external to said source sig- 
nal line side driving circuit and has a voltage 
amplitude level at which it is sufficient for the 
first level shifter circuit to operate, to a voltage 
amplitude level at which it is sufficient for the 
first shift register circuit to operate, and inputs a 
signal to the first shift register circuit: 
the first shift register circuit creates a timing 
signal, based on the clock signal input to the 
first shift register circuit in order to sample an 
image signal supplied from external to said 
source signal line side driving circuit, and 
inputs the timing signal to the second level 
shifter circuit; 

the second level shifter circuit increases the 
voltage amplitude level of the timing signal 
input to the second level shifter circuit, to a volt- 
age amplitude level that includes a certain fixed 
margin voltage in addition to a saturation volt- 
age of a liquid crystal, and inputs a signal to the 
first sampling circuit; 

the first sampling circuit samples the image sig- 
nal in accordance with the timing signal input to 
the first sampling circuit and supplies sanpled 
signal to the source signal lines; 
said gate signal line side driving circuit has a 
third level shifter circuit, a fourth level shifter cir- 
cuit, and a second shift register circuit; 
the third level shifter circuit increases the volt- 
age of a clock signal, which is input to the third 
level shifter circuit from external to said gate 
signal line side driving circuit and has a voltage 
amplitude level at which it is sufficient for the 
third level shifter circuit to operate, to a voltage 
amplitude level at which it is sufficient for the 
second shift register circuit to operate, and 
inputs a signal to the second shift register cir- 
cuit: 

the second shift register circuit, based on the 
clock signal input to the second shift register 
circuit creates a selection signal which oper- 
ates the pixel TFTs connected to said gate sig- 
nal line side driving circuit through the gate 
signal lines, and inputs the selection signal to 
the fourth level shifter circuit; and 
the fourth level shifter circuit increases the volt- 
age anplitude level of the selection signal input 
to the fourth level shifter circuit, to a voltage 
amplitude level at which it is sufficient for all 0I 
the pixel TFTs connected to the gate signal 
lines to reliably operate, and supplies the 
selection signal, which has been increased in 
voltage by the fourth level shifter circuit, to the 
gate signal lines. 
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10. 1 The semiconductor display device according to 
; claim 9. wherein said gate signal line side driving 
= circuit and said gate signal line side driving drcu'rt 
:are formed on the same substrate as the pixel 
■region. 5 

11 . i A driving circuit for a semiconductor display device 
:of digital drive system, comprising a first level 
= shifter circuit, a second level shifter circuit, a third 
Jevel shifter circuit, a first latch circuit, a second io 
• latch circuit, a shift register circuit, and a D/A con- 
; verier circuit, wherein: 



; said first level shifter circuit increases a voltage 
! of an input signal, which is input to said first 
! level shifter circuit from external to said driving 
. I circuit, to a voltage anrplitude level at which it is 
sufficient for sakd shift register circuit to oper- 
ate, and inputs a signal to the shift register cir- 
cuit; 

said shift register circuit creates a timing signal, 
based on the input signal input from said first 

; level shifter, which determines the timing for 
writing a digital signal, supplied from external to 
said driving circuit, to said first latch circuit, and 
inputs a signal to said first latch circuit: 
the digital signal is input to said third level 
shifter circuit, and a digital signal output from 

; the third level shifter circuit is input to the first 
latch circuit at the timing determined by the tim- 

! ing signal: 

the digital signal input to the first latch circuit, 
after logical operation, undergoes logical oper- 
ation in said second latch circuit, and is output; 
and 

the output digital signal is input to said D/A con- 
verter circuit, through said second level shifter 
• circuit, and is converted to analog. 

1 2. 1 A semiconductor device comprising at least one 
; pixel region and driving circuits over a substrate. 

said driving circuit having a source signal line 
side driving circuit and a gate signal line side 
; driving drcuit. said source signal line side driv- 
1 ing circuit comprising a first level shifter circuit, 
; a second level shifter circuit, a shift register cir- 
I cuit and a sampling circuit, wherein: 

said first level shifter circuit increases a voltage 
of an input signal, which is input to said first 
level shifter circuit from external to said source 
signal line side driving circuit, to a voltage 
amplitude level at which it is sufficient for said 
! shift register circuit to operate, and inputs a sig- 
nal to said shift register circuit: 
said shift register drcuit creates a timing signal, 
based on the input signal input from said first 
level shifter circuit, in order to sample an image 



15 



signal supplied from external to said source 
signal line side driving circuit, and inputs the 
timing signal to said second level shifter circuit; 
said second level shifter drcuit further 
inaeases the voltage amplitude level of the 
input timing signal, and inputs a signal to said 
sampling circuit; and 

said sampling circuit samples the image signal 
in accordance with input timing signal, and sup- 
plies a signal to source signal lines connected 
to said source signal line side driving circuit, 
and 

said pixel region comprising: 

at least a first thin film transistor for controlling 

current; 

a second thin film transistor for switching: 

a pixel electrode electrically connected with 

said first thin film transistor; 

a light-emitting layer formed over said pixel 

electrode; and 

an electrode formed over said light-emitting 
layer, 

wherein said first thin film transistor compris- 
ing: 

at least one semiconductor island formed over 
said substrate, said semiconductor island hav- 
ing a channel forming region, at least a first 
impurity region adjacent to said channel form- 
ing region, at least a second impurity region 
adjacent to said first impurity region, and at 
least a third impurity region; 
a gate insulating film formed over said channel 
region, said first impurity region, and said sec- 
ond impurity regions; 

a gate electrode formed over said channel 
region with said gate insulating film interposed 
therebetween; and 

at least one conductive sidewall formed over 
said first impurity region. 



13. A device according to claim 12, wherein said light- 
emitting layer is an electroluminescence layer. 

14. A device according to claim 12. wherein said gate 
electrode of said first thin film transistor is con- 
nected with a drain region of said second thin film 
transistor. 

15. A device according to claim 14, wherein said sec- 
ond thin film transistor has a multi-gate structure. 

16. A device according to claim 12. wherein said sec- 
dnd thin film transistor has a nrrulti-gate structure. 



55 17. /j^ device according to claim 12. wherein at least 
one of said pixel electrode and said electrode is 
transparent. 
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18. A semiconductor device comprising at least one 
pixel region and driving circuits over a substrate, 



said driving circuit having a source signal line 
side driving circuit and a gate signal line side 
driving circuit, said gate signal line side driving 
circuit conriprising a first level shifter circuit, a 
second level shifter circuit, and a shift register 
circuit, wherein: 

said first level shifter circuit increases a voltage 
of an input signal, which is input from external 
to said gate signal line side driving circuit, to a 
voltage amplitude level at which it is sufficient 
for said shift register circuit to operate, and 
inputs a signal to said shift register circuit; 
said shift register circuit creates a selection sig- 
nal, based on the input signal which is input to 
said shift register circuit, and inputs the selec- 
tion signal to said second level shifter circuit; 
and 

said second level shifter circuit increases the 

voltage amplitude level of the input selection 

signal, to a voltage amplitude level at which it is 

sufficient for all pixel TFTs connected to gate 

signal lines to reliably operate, and either 

directly, or through a buffer circuit, supplies the 

increased voltage selection signal to the gate 

signal lines, and 

said pixel region comprising: 

at least a first thin film transistor for controlling 

current; 

a second thin film transistor for switching; 

a pixel electrode electrically connected with 

said first thin film transistor; 

a light-emitting layer formed over said pixel 

electrode; and 

an electrode formed over said light -emitting 
layer. 

wherein said first thin film transistor compris- 
ing: 

at least one semiconductor island formed over 
said substrate, said semiconductor island hav- 
ing a channel forming region, at least a first 
impurity region adjacent to said channel form- 
ing region, at least a second impurity region 
adjacent to said first impurity region, and at 
least a third impurity region; 
a gate insulating film formed over said channel 
region, said first impurity region^ and said sec- 
ond impurity regions; 

a gate electrode formed over said channel 
region with said gate insulating film interposed 
therebetween; and 

at least one conductive sidewall formed over 
said first impurity region. 



19. A device according to claim 18, wherein said light- 
enrutting layer is an electroluminescence layer. 



20. A device according to claim 18, wherein said gate 
electrode of said first thin film transistor is con- 
nected with a drain region of said second thin film 
transistor. 

5 

21. A device according to claim 20, wherein said sec- 
ond thin film transistor has a multi-gate structure. 

22. A device according to daim 18, wherein said sec- 
10 ond thin film transistor has a multi-gate structure. 

23. A device according to claim 18, wherein at least 
one of said pixel electrode and said electrode is 
transparent. 
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